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Preface
The serial publication United States Earthquakes was initiated in 1928, 

3 years after the Coast and Geodetic Survey was given authority by Congress to 
make earthquake investigations and reports. The present volume is a reprint 
of those earthquake reports published from 1928 through 1935 by the Coast 
and Geodetic Survey.

When using this earthquake information for seismicity studies, it should be 
noted that earthquake intensities listed in the 1928-1930 period are based on 
the "Rossi-Forel Intensity Scale." The Coast and Geodetic Survey adopted the 
"Modified Mercalli Intensity Scale" for intensity evaluation in 1931. It is there 
fore suggested that listings prior to 1931 be converted to Modified Mercalli 
intensities. This scale is presented in abridged form, with equivalent intensities 
according to the Rossi-Forel Scale, in each annual issue after 1930.

There has been no attempt to correct or revise any material contained in the 
present volume. However, some additions and corrections to previous issues are 
listed in reports for the following years: 1929, pp. 16-17; 1933, p. 82; 1934, 
pp. 98-99; and 1935, p. 90.

At the present time issues for the years 1936 through 1945 are out of print. 
Because the earthquake reports contained in these issues are essential to the com 
plete seismic history of this country, a limited number of copies will be made 
available in the future under the titles, United States Earthquakes, 1936-1940, 
and United States Earthquakes, 1941-1945.

Copies of the annual United States Earthquakes series for the years 1946-1965 
are available from the National Earthquake Information Center, Coast and 
Geodetic Survey, Rockville, Md. 20852.

in



UNITED STATES EARTHQUAKES, 1928
INTRODUCTION

This publication is in continuance of the quarterly seismological 
report of the United States Coast and Geodetic Survey, covering the 
period from January 1, 1925, to December 31, 1927, including a 
supplement for the last half of 1924-.

The change in plan of publication represented by the present vol 
ume and the decision to confine publication of instrumental recordu 
not included in it to the monthly seismological reports in mimeo 
graphed form, is the result of conferences and also correspondence 
with seismologists in this and other countries. Since the monthly 
seismological reports are of value only to seismologists who are 
actually making investigations, this bureau will carry a supply on 
hand from 1928 on. They will be furnished without cost to such 
investigators. Since the supply is limited it is hoped that only such 
persons and organizations will apply. These will be furnished to an 
established mailing list. Those who intend to make regular use of 
the monthly reports should request to be placed on the mailing list. 
Since it is recognized that in the detailed study of the records of 
individual earthquakes the original (or photographic copies of the 
original) records are needed, they will be gladly furnished to inves 
tigators.

The title that has been adopted for this publication has the merit 
of conciseness but it should be understood that there are included 
certain matters which this title might not cover with strict interpre 
tation. The principal earthquakes of regions under the jurisdiction 
of the United States are included, though in the case of the Hawaiian 
and Philippine Islands earthquakes of volcanic origin are not included 
and only severe earthquakes are included in the case of the Philippine 
Islands, since reports are published in Manila. Earthquakes adjacent 
to the United States and felt within its borders or those of the regions 
under its jurisdiction are described except that, in the case of Cana 
dian earthquakes felt within the United States, a general description 
only is given as details are given in the Canadian reports. As a 
reciprocal arrangement the United States earthquakes felt in Canada 
are published in detail in this volume. The principal earthquakes 
of the year which were so widely recorded that immediate determina 
tion of epicenter was made are given regardless of location and 
instrumental details for these are included.

It has been decided not to give individual credit for information 
furnished by individuals. In omitting this the bureau wishes to 
express its appreciation to the various organizations and individuals 
who have made it possible to prepare descriptions of the earthquakes 
of this country with a completeness and accuracy that has never
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before been possible. The principal sources of information are as 
follows:

United States Weather Bureau.
Division of geology and geography of the National Research Council, Arthur 

Keith, chairman.
Central office of the Jesuit Seismological Association at St. Louis, Mo.
The San Francisco field station of the United States Coast and Geodetic 

Survey, cooperating with the Seismological Laboratory of the Carnegie Institu 
tion and California Institute of Technology (H. O. Wood, research associate in 
charge), University of California (Perry Byerly in charge of the Seismological 
station), and Stanford University. These persons are responsible for instru 
mental determination of epicenters in California when given. Among the com 
mercial agencies in this section there are a number of cooperators, including.the 
Pacific Telephone & Telegraph Co., The Great Western Power Co., and the 
Standard Oil Co. of California, also a large number of individuals.

Press dispatches (received through the courtesy of Georgetown University).
Reports from individuals.
Bulletin Seismological Society of America, 1928.

It should be pointed out that this volume is an extension of the 
information which appears in Special Publication No. 149 of this 
bureau entitled, "Earthquake History of the United States" (exclu 
sive of the Pacific region). This publication, however, is more com 
plete since it includes earthquakes of all grades of intensities and 
also includes earthquakes of the Pacific coast region. In this con 
nection it should be stated that that region is covered through the 
year 1927 by the Holden and McAdie catalogues : and by a forthcoming 
publication under the auspices of the Seismological Society of America, 
which will extend the record to the close of 1927. There is hope 
that this, as well as republication of the older catalogues now out 
of print, will become possible in the near future.

It will be noted that the appraisal of intensities has not generally 
been made. Since isoseismal maps appear which are based on 
intensities, the Rossi-Forel scale which will be used until there is 
general sentiment for the adoption of a more precise scale, is given 
below in abbreviated form:

ROSSI-FOREL SCALE OF INTENSITIES

1. Microseismic shock. Recorded by a single seismograph or by seismographs 
of the same model, but not by several seismographs of different kinds; the shock 
felt by an experienced observer.

2. Extremely feeble shock. Recorded by several seismographs of different 
kinds; felt by a small number of persons at rest.

3. Very feeble shock. Felt by several persons at rest; strong enough for the 
direction or duration to be appreciable.

4. Feeble shock. Felt by persons in motion; disturbance of movable objects, 
doors, windows; cracking of ceilings.

5. Shock of moderate intensity. Felt generally by everyone; disturbance of 
furniture, beds, etc.; ringing of some bells.

6. Fairly strong shock. General awakening of those asleep; general ringing of 
bells; oscillation of chandeliers; stopping of clocks; visible agitation of trees 
and shrubs; some startled persons leaving their dwellings.

7. Strong shock. Overthrow of movable objects; fall of plaster; ringing of 
church bells; general panic, without damage to buildings.

8. Very strong shock. Fall of chimneys; cracks in the walls of buildings.
9. Extremely strong shock. Partial or total destruction of some buildings.
10. Shock of extreme intensity. Great disaster; ruins; disturbance of the 

strata, fissures in the ground; rock falls from mountains.

i Smithsonian Miscellaneous Collections, 1087. A Catalogue of Earthquakes on the Pacific Coast, 1769- 
1897. Edward S. Holden. Smithsonian Miscellaneous Collections, 1723. Catalogue of Earthquakes 
on the Pacific Coast, 1897-1906. Alexander G. McAdie.
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Within the United States the same regional arrangement ha-s been 
followed as in the case of Special Publication No. 149 mentioned 
above. In the case of the Pacific coast region, Washington and 
Oregon have for convenience been treated separately from California.

In this report time will be indicated as continuous from 1 to 24 
hours, beginning and ending with midnight.

All the epicenters indicated in this report are either estimated 
from noninstrumental data or determined from instrumental results. 
When the epicenters are based on instrumental data a statement to 
that effect is made in each case.

EARTHQUAKE ACTIVITY IN THE VARIOUS STATES

Only those States are listed in which earthquakes either occurred 
or if occurring elsewhere were felt during the year.
Alabama: November 2, North Carolina earthquake felt.
Arkansas: Two moderate shocks.
California: Moderate activity throughout year. Strongest was that of February 

28, in San Joaquin Valley.
Colorado: In April and May there were a series of shocks in the vicinity of Creede, 

of the swarm type. Strongest on May 10. There was one other shock 
farther east.

Connecticut: One moderate shock.
Georgia: One moderate shock. November 2, North Carolina shock felt.
Illinois: One moderate shock.
Kansas: One moderate shock.
Kentucky: One moderate shock. November 2, North Carolina felt.
Maine: Six shocks listed, though this includes the grouping of a number of 

shocks in February and March in the vicinity of Milo. April 25, New 
Hampshire shock felt.

Maryland: One light shock.
Minnesota: One light shock.
Missouri: Two moderate shocks.
Montana: Two moderate shocks.
Nevada: One moderate sho.ck.
New Hampshire: Eight shocks listed. All moderate except that of April 25, 

which was fairly strong.
New Mexico: One slight shock.
New York: One fairly strong shock in northeast portion on March 18.
North Carolina: Four listed. That of November 2 in western portion, strong and 

widely felt.
Ohio: September 9, shock fairly strong in northern portion.
Oregon: One slight shock.
Rhode Island: One slight shock.
South Carolina: In addition to two moderate shocks, felt North Carolina 

shock of November 2.
South Dakota: November 16, shock fairly strong in Black Hills.
Tennessee: One moderate shock in west portion. North Carolina shocks of 

November 2 and 19 felt in eastern portion.
Texas: One Mexican shock felt in western portion.
Utah: One moderate shock.
Vermont: April 25, New Hampshire shock felt.
Virginia: One slight shock.
Washington: Three moderate shocks in addition to one in British Columbia felt 

in Washington.
Wyoming: Three shocks listed, that of Feburuary 13 fairly strong.
Alaska: Twenty-one shocks listed, of which one was in the Panhandle region. 

There were a series of shocks in the Prince William South region, the strong 
est on February 19 and June 21. The difficulty in locating epicenters of 
some of these earthquakes points to need of more instruments.

Porto Rico: Three shocks, the strongest on August 22.
Hawaiian Islands: Only minor local shocks.
Philippine Islands: Five strong shocks. Strongest were on Mindanao on Decem 

ber 19 and 28, the former causing a tidal wave with considerable damage.
Canal Zone: Only minor shocks.
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UNITED STATES EARTHQUAKES, 1928

NORTHEASTERN REGION

75TH MERIDIAN OR EASTERN STANDARD TIME

January 13: 14.50, Block Island, R. I. (41°.2 N., 7l°.6 W.). Two shocks, force
5, rattling sound. 

February 8: Hour not given. Milo, Me., (45°.5 N., 69°.0 W.) local. First
tremor distinct; shock followed at intervals of five or six minutes by lesser
shocks. Buildings shaken, walls lightly damaged. Similar disturbances a
few weeks ago. 

February 17: 0.29 Milo, Me., local. Fourth shock in three weeks. Distinct
shock followed in minute by faint jar. 

March 18: 10.20, Northeastern, New York, (44°.5 N., 74°.3 W.), 12,000 square
miles. Intensities (see map fig. 2). Widely felt in the northeastern part of New

FIGURE 2. Areas where shocks of March 18 and April 25 were felt

York State and probably in adjacent Canada. Felt with special intensity at 
Saranac Lake and Malone where people left their houses, and dishes fell 
from shelves. Most severe in years. Stated to have been an earlier shock 
on February 28. Shocks felt at Lake Placid, Plattsburg, Lake George. 
At Canton there was a rumbling sound. At Sunmount, trembling and bump 
ing, chessmen moved on board. Generally felt at Chazy and Gabriels, where 
pictures and lamps swayed. Patients described sounds as like those heard 
at front during the war. Another shock at 22.20 in Adirondack Mountains.

March 22: 8.30, Milo, Me., local. A fairly severe shock followed by 5 or 6 
others during 10 minutes. This was the most severe of series of shocks 
listed during the year for this place. Dishes and pictures rattled. No 
damage.

March 28: Hour not given. Milo, Me., local. Three heavy shocks during night, 
followed by four lighter ones on morning of 29th were felt.

April 25: 18.38, northern New England (44°.5 N., 71°.2 W.), 3,000 square miles. 
Intensity (see map). The shock was felt over a line extending 100 miles 
across Vermont, New Hampshire, and western Maine. Beginning in the 
east in Rumford, Me., people rushed into the streets, and hanging articles 
swayed. The shock was fairly strong at Lewiston, Me., 30 miles away. 
At Berlin and Gorham, N. H., which seem to have been near the epicenter, 
it was stated that the tremors were of much shorter period and amplitude
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than in the case of St. Johnsbury, Vt.; the shock was violent in places though 
little damage was done. In Lydonville, Vt., some parts of the town were 
much more severely shaken than others. The sound was like the passing 
of a heavy truck.

April 28: 17.07, Concord, N. H. (43°.2 N., 71°.5 W.), local. A bumping which 
gave an effect like a heavy truck passing. Floor seemed to sway. Stronger 
at Boscawen 10 miles north. At Loudoun, 15 miles northeast of Concord, 
there was a heavy shock followed by several lighter ones; also at Penacook 
10 miles northwest.

May 21: 1.9.24, Concord, N. H. Sharp bump followed by lesser ones. Not 
generally felt.

May 26: Hour not given. Contocook, N. H., 10 miles west of Concord.
August 30: 4.10 (?), Brooklin, Me. (44°.3 N., 68°.6 W.), local.
October 15: Hour not given. Pittsburg, N. H. (45°.1 N., 71°.4 W.), local.
October 16: 19.30, Milford and Wilton, N. H. (42°.8 N., 71°.6 W.), 100 square 

miles. Generally felt in these and surrounding towns. Several houses shook 
and furniture moved. Sound was like passing of large truck. Felt in 
Amherst and Mount Vernon.

November 4: 23.00, Rochester, N. H. (43°.3 N., 71°.0 W.), local.
November 19: 21.30, Perry, Me. (45°.0 N., 67°.2 W.). After rumble of 10 sec 

onds, shock caused houses to vibrate, in SE.-NW. direction. Felt within 
radius of 20 miles. Roaring noise at Deer Island, New Brunswick.

December 1: Hour not given. Rochester, N. H., local.
December 7: 23.12, Ellington, Conn. (41°.8 N., 72°.5 W.), local.
December 12: 14.07, Waterville, Me. (44°.6 N., 69°.6 W.), local.
December 24: 21.00, New Limerick, Me. (46°.2 N., 67°.9 W.), local.

EASTERN REGION

75TH MERIDIAN OR EASTERN STANDARD TIME

May 23: 5.15, Valdosta, Ga. (30°.8 N., 83°.3 W.). Apparently seismic tremor, 
some thought there was another a few minutes later. Large meteor passed 
over about 25 minutes before.

June 21: 23.07, a severe explosion occurred at Allentown, Pa., and reports from 
White House, Burlington, N. J., and other points up to 50 miles away indi 
cate that a shock was actually felt. It is likely that the air blast shook 
buildings and rattled windows, rather than a severe shock passing through 
the earth.

October 15: Late p. m., Ocean City, Md. (38°.4 N., 75°.3 W.). A slight shock 
felt also at Berlin, rattled windows and shook doors.

October 30: 6.45, Richmond, Va. (37°.5 N., 77°.5 W.). Distinct earth tremor 
felt in region surrounding Richmond. Houses quivered and windows rattled. 
Shock lasted about 30 seconds. Recorded at Georgetown University.

November 2: 23.03, Southern Appalachians (36°.0 N., 82°.6 W.), 40,000"square 
miles. Described in article by Frank Neumann in December, 1928, number 
of Bulletin of Seismological Society of America. Reports were received 
from the following places listed alphabetically by States and the accompany 
ing map (fig. 3) gives the isoseismal lines.

NORTH CAROLINA

Asheville: Heavy tremors, strongest along French Broad River between Ashe- 
ville and Newport with heavy rumbling. Felt in all sections of Asheville 
but especially in Montford Hills section. People were awakened and some 
left buildings, including a theater which was in temporary panic. Several 
were rolled out of bed. Motorists reported queer behavior of cars. In 
Jackson Building, above fourth floor, bookcases upset and walls cracked. 
Floor cracked in one building. Dishes were thrown from shelves and a 
heavy safe moved on its rollers. Several reported two shocks. Sound like 
falling rock followed shock and then quivering.

Batesville: Felt by many. Buildings trembled. Dishes rattled.
Boone: Not felt.
Bryson City: Windows broken.
Charlotte: Generally felt.
Elkin: Thunder-like sound preceded shock.
Franklin: Felt by few. Two shocks in quick succession.
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Hendersonville: Thirty-second shock felt by all. Many wakened.
Jefferson: East-west swaying. Sounds heard by several.
Lenoir: Felt by nearly all. Faint sounds before shock.
Lincplnton: Light shock, generally felt. Loose objects disturbed.
Marion: Not felt.
Marshall: Felt by all. Sleepers wakened. Many frightened. Heavy jar.

Sounds like thunder.
Mount Holly: Felt and sounds heard by a few. 
Murphy: Light shock not generally felt. Dishes rattled. 
Newland: Ground trembled for one-half minute. Roar with shock. 
Newton: Light shock felt by several.

FIGUEE 3. Region where earthquake of November was felt

Rutherf ordton: Two light shocks rattled windows. Not generally observed.
Shelby: Light shock.
Statesville: Not felt.
Try on: Not felt.
Waynesville: Slight damage in business section.
Wilkesboro: Shock from NE. to SW. Sound like distant windstorm before

shock. 
Winston-Salem: One gradual shock with accompanying noise gave effect of pass-

'ing train or heavy truck. Objects swayed or rattled. In some sections of
city people were generally wakened, in others the shock was scarcely
noticeable. 

Yadkinville: Not felt.

SOUTH CAROLINA
Aiken: Buildings swayed.
Anderson: Two shocks, slight but rattled windows.
Andrews: Not felt.
Blackville: Felt by one.



8 COAST AND GEODETIC SURVEY 1928

Bladesburg: One heard windows rattle.
Calhoun Falls: Two shocks, light rocking motion. Generally felt.
Catawba: Not felt.
Chappell: Several were positive of ground movement. Windows rattled.
Charleston: Not felt.
Cheraw: Not felt.
Chester: Plaster cracked. Dishes and pictures moved. Rapid rocking for 35

seconds.
Clemson College: A few awakened. Distinct but mild. 
Columbia: Shock lasted a very short time. Noises heard by a few. 
Conway: Not felt. 
Darlington: Not felt. 
Due West: Generally felt. One shock. Dishes rattled. Rumbling sound like

passing truck. 
Easley: Slightly felt. 
Effingham: Not felt. 
Eutawville: Not felt. 
Florence: Not felt.
Gaffney: Generally felt. Floors shaken. Loud roar. 
Greenville: Generally felt. Many roused. Furniture creaked. Lasted 20 to

40 seconds. Dull rumbling. Plaster cracked. 
Greenwood: Faint shock.
Landrum: Two shocks felt by a few. Windows rattled.
Laurens: Felt by many. Noises heard. Swaying in south to north direction. 
Marion: Not felt.
Newberry: Doors rattled, pictures swayed. Not generally felt. 
Orangeburg: Not felt. 
Pelzer: Felt by some who were positive of ground movement; windows, crockery,

and glassware rattled. One shock. 
Pickens: One shock. Sound like heavily loaded truck. 
Pinopolis: Not felt. 
Rimini: Not felt. 
Saluda: Not felt. 
Santuc: Felt by a few.
Spartansburg: Distinct shock followed by a second lesser one. 
Union: Gradual rocking, felt by few.
Walhalla: Ten-second shock felt by many. Loose objects rattled. 
Winnsboro: Shocks generally felt and noises heard. 
Yemassee: Not felt. 
York: Generally felt. Slight but distinct. Lasted 10 seconds. Loose objects

rattled.
TENNESSEE

Benton: Not felt.
Blountville: Two shocks lasting 30 seconds. Objects swung south to north.
Bristol: People wakened.
Chattanooga: Generally felt. Houses rocked. People wakened and frightened.
Cleveland: Not felt.
Dandridge: People wakened.
Dayton: Not felt.
Erwin: Three slight shocks. Rocked chairs. Some alarm.
Greenville: Felt by most. Rapid trembling woke people. Top thrown off one

chimney. Roaring sounds. 
Jacksboro: Not felt. 
Jellico: People awakened. 
Johnson City: Three frame houses under construction were shaken down.

Windows broken.
Jonesboro: Buildings trembled. Dishes rattled. People wakened. 
Kingsport: Felt and sounds heard by few. 
Kingston: Felt by half of people. Beds moved. Windows shook. First

shock sharp, second like faint echo of first. 
Knoxville: Felt by nearly all. Undulating motion lasted 15 seconds. Furniture

shook. Faint rumbling. 
Louden: One gradual shock felt by a few. 
Madisonville: Two shocks. Sounds like thunder. 
Marysville: Trembling. 
Maynard: Not felt.
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Morristown: Felt by many and some alarm. Buildings rocked. One building 
under construction damaged. Bump and rapid trembling.

Mountain City: Not felt.
Newport: Felt by all. Sleepers wakened and rushed into street. Rapid trem 

bling. Trees and buildings swayed. Bricks shaken from some buildings 
and plaster cracked. Pictures fell from walls.

Rogersville: People generally wakened and many rushed into street. Windows 
rattled. Opinions differed as to one or two shocks.

Rutledge: One shock felt by several.
Sevierville: Felt by many with alarm. Light fixtures swayed. Windows 

rattled. Doors shook. Three shocks with sounds before and during shocks.
Sneedville: Not felt.

ALABAMA

Birmingham: Feeble shock felt by one, sitting. North-south direction.

GEORGIA

Atlanta: Distinct tremors felt by many. Dishes rattled. Furniture shook. 
Blue Ridge: Felt by several. Buildings and beds trembled. Moderately loud

sound accompanied shock. 
Chatsworth: Not felt. 
Clayton: Faintly felt by a few. 
Cleveland: Two shocks noted by a few. 
Dalton: Felt by a few. Some noted two shocks. 
Ellijay: Not felt. 
Jasper: Not felt.
LaFayette: Abrupt bumping felt by several. One shock. 
Ringgold: Not felt. 
Toccoa Falls: Not felt.

VIRGINIA

Abingdon: Felt by many and many awakened. Windows trembled and some
plaster cracked. Loose objects disturbed.

Bristol: Generally felt. Houses and doors shook and rocked. 
Floyd: Not felt. 
Independence: Not felt. 
Stuart: Not felt. 
Wytheville: Gradual trembling, lasting 20-30 seconds noted by a few. Dull

rumbling like distant thunder at start. Windows and dishes rattled.

KENTUCKY

Eubank: Three shocks felt by a few.
Frankfort: Felt by a few. Some pictures tilted. State geologist states that 

first motion was wavelike in north-south direction with definite vertical 
movement. Two swaying motions followed by trembling lasting 3 to 5 
seconds. Mild booming sound.

Greensburg: Not felt.
Lexington: Not felt.
Loudoun: Not felt.
Louisville: One abrupt shock, NE.-SW., felt by one.
Taylorsville: Not felt.
Williamsburg: Felt by a few. Dishes rattled. Sound like someone trying to 

enter house.
November 19: 22.45, Asheville, N. C., and Johnson City, Tenn. (35°.8 N., 82°.3 

W.), 10,000 square miles. Probably aftershock of earthquake of November 
2. Felt with most force in West Asheville along the French Broad River 
and at Hot Springs, N. C., and Erwin, Tenn. No damage.

November 22: Wilmington and Southport, N. C. (34° N., 78° W.).
December 19: 17.17, Summerville, S. C. (33° N., 80°.3 W.). Two slight shocks.
December 22: 21.30, Charlotte, N. C. (35°.3 N., 80°.8 .W.). Distinct rumble 

and shake felt, strongly felt at county home and Mecklenburg County 
Industrial Home.
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CENTRAL REGION

90TH MERIDIAN OR CENTRAL STANDARD TIME

January 23: 3.19 Mount Carroll, 111. (42°.0 N., 90°.0 W.), 400 square miles. 
Two shocks one-half minute apart like strong powder explosion. Most 
severe 6 to 10 miles south of this place. At Morrison felt like heavy explo 
sion, felt at Savanna, Fulton, and Clinton.

March 6: 20.45, Franklin and Lynnville, Tenn. (35°.6 N., 86°.9 W.). Area 
uncertain. Two reports from towns 50 miles apart. Rattling sounds, 
trembling, and bumping at Franklin.

April 15: 9.05, Cape Girardeau, Mo. (37°.'4 N., 89°.7 W.). Slight shock also 
felt at Jackson. Slight shock at 5.00 at New Madrid. Windows shaken, no 
damage.

April 23: 5.00, Hickman, Ky. (36°.6 N., 89°.3 W.). Trembling felt by several.

OHIO

FIGURE 4. Area affected by shock of September 9

May 31: 16.40, New Madrid, Mo. (36°.6 N., 89°.5 W.). Trembling. Some un 
certainty as to date, may have been a few days earlier.

September 9: 15.00, Lorain and Cleveland, Ohio (41°.5 N., 82°.0 W.). (See 
map, fig. 4.) Felt along lake shore between these two cities, and with special 
intensity in East Cleveland where some people rushed from houses. Build 
ings swayed, trembling, and sounds resembling thunder. Slight at Madison 
and Wilioughbv; not felt at Norwalk. This was reported only from towns 
along Lake Erie. It was reported that Army airplanes were engaged in 
bombing practice over the lake and near Camp Perry, about 60 miles 
west of Cleveland at about this time. However, it is not thought that 
the tremors were a result of these operations.

November 8: 8.15, Beloit, Kans. (39°.5 N., 98°. 1 W.). Felt at Industrial School 
where dishes rattled and windows shook. Recognized as an earthquake by 
a person with previous experience. Not reported elsewhere and must have 
been extremely local.

November 10: 0.20, Black Rock, Ark. (36°.2 N., 91°.1 W.). A single shock 
appearing to come from the west.

November 16: 7.45, Black Hills, S. Dak. (44°.0 N., 103°.7 W.), 2,000 square 
miles. At Custer trembling and loud rumbling. Felt on hili but not in 
valley. At Rochford, trembling and bumping, and a few rocks fell en
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railroad track. Rumbling came from north. One person thought truck 
had struck house. Doors swung open. At Lead, roaring and trembling, 
loose objects rattled. Felt at Savoy, Maitland, and Deadwood. Slight 
shock at Hill Citv, no effect on mine workings.

December 23: 0.10, Bowstring, Minn. (47°.4 N., 94°.0 W.). House seemed to 
sway in east-west direction.

December 25: 21.25, Black Rock, Ark. (36°.2 N., 91°.1 W.). Trembling, win 
dows rattled.

WESTERN MOUNTAIN REGION
105TH MERIDIAN OB MOUNTAIN TIME

February 13: 7.00, central Wyoming (43°.5 N., 108°.2 W.), 3,000 square miles. 
(See map, fig. 5.) At Thermopolis, bumping and trembling. Three shocks. 
Sounds before shock was felt. Felt sharply in Worland, Owl Creek, Gebo,

ll0' '05'-r~---r----I   --,--- r  ---,-

/'"', FEBRUARY 13.

WYOMING J

--(05*

FIGURE 5. Region affected by earthquake of February 13

Crosby, and Kirby. Not felt at Grass Creek and other towns to south of 
Thermopolis but was strongly felt at mine in Copper Mountains near Bonne- 
ville, where there were cracks in the rocks. Two men entered their mine 
while rumbling continued and found that the mine props were loose and 
many could be moved by hand. When they returned later they had tight 
ened up again.

February 29: 15.38, Helena, Mont. (46°.5 N., 112°.0 W.). Fairly strong shock, 
generally felt, in western Montana. Strongest since June, 1925. Jog on 
barograph trace at Weather Bureau office. Indications are that it was gen 
erally felt in western Montana though no detailed reports were received.

March 15: 6.30 and 10.40, Belen, N. Mex. (34°.4 N. 106°.S W.). First light. 
Second estimated force 4, R. F. scale, with abrupt onset and rocking motion.

March 31: 8.16, Jackson, Wyo. (43°.7 N., 110°.7 W.). Trembling generally 
felt. Strongest along Gros Ventre River above Keely. Not felt at Moran.

April 6: A report from Whitebird, Idaho (44°.0 N., 111°.2 W.), indicates that a 
long fissure extends on this date from the Salmon River to Lucille. Odor 
of gas emanates from fissure. No indication that this was caused by an 
earthquake.
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April 20-May 10: A long series of shocks in the vicinity of Creede, Colo. (37°.8 
N., 107°.0 W.). In April they occurred as follows: April 20, 2.40; April 
24, 3; April 29, 3, 3.20, 3.45, and 9; April 30, 8.50; May 1, 2.22, 2.25, 
2.35, and 5.20; May 3, 12.40; May 4, 3.00; May 10, 3.10. Many lesser 
shocks not listed. In most cases there was trembling and dishes rattled. 
The shocks on May 1 were quite strong and more widely felt, at least 15 or 
20 miles from Creede. The shock on. May 10 was also more widely felt. 
In no case was the area over which the shocks were felt very large. While 
the country is sparsely settled, the weather observer at Creede was careful 
to get reports from various ranches and the completeness of the reports is 
due to her initiative. Recorded by Denver seismograph, St. Regis College.

May 28-29: Slide of part of Sphinx Mountain Yellowstone River north of Yellow- 
stone National Park carried part of track of Northern Pacific Railroad 
with it. There is no evidence to show that it was accompanied by seismic 
tremors, though it may possibly have been related to earlier seismic activity 
in this region.

June 2: 2.00, Price, Utah (39°.8 N., 111°.0 W.). Slight shock noted by two 
persons.

June 19: 3.40, Thermopolis, Wyo. (43°.7 N., 108°.3 W.). A single shock generally 
felt. Sounds slightly preceded shock.

July 24: 11.55, Helena, Mont. (46°.5 N., 112°.0 W.). Slight trembling with 
gradual onset. Felt by a few.

September 29: 0.17 Holly, Colo. (38°.1, 102°.1). Rocking motion generally 
felt. Seemed like sharp blast. People generally wakened and alarmed 
throughout the county.

October 31: 21.16, Mexico (26° N., 106° W., instrumental). This shock was felt 
as a single shock at El Paso, where people were frightened. Clocks stopped 
at Valentine east of El Paso. Houses were damaged at Guadalupe in the 
Rio Grande Valley (Mexico), and Chihuahua and Santa Rosalia. The 
latter is the nearest to the epicenter as given by instrumental determination.

PACIFIC COAST REGION

CALIFORNIA AND WESTERN NEVADA
120TH MEEIDIAN OR PACIFIC COAST TIME

January 5: 19.40, San Bernardino. Several light quakes.
January 7: 14.52, Santa Monica. Shook crockery, no damage. Well recorded

on instruments. Probably on Inglewood fault. 
January 7: 17.00, Salinas and Holiister. Slight quakes. 
January 8: 18.50, Gilroy (7), Holiister (3), Salinas (3), Watsonville. 
January 12: 23.05, San Jose. Motion vertical. Slight. 
January 13: 22.00 and 22.15, Brawley. Two earthquakes of several seconds

duration in Imperial Valley. Slight. 
January 25: 21.30, El Centro, Calexico, Brawley (force 3 at each.) Well

recorded. Origin not far south of Calexico. No damage, some alarm. 
February 15: 2.00, Calexico and El Centro. Slight. Recorded near Calexico. 
February 21: 10.50, Calexico, two shocks not felt elsewhere. 
February 28: 19.00, Bakersfield, Kern River oil field, Caliente, Woodford,

Edison. Several shocks, rattling windows and doors at Bakersfield with
sound like explosion. Gildale and Oil had numerous shocks. 

February 28: 19.25, Burbank. Felt by a number, and other tremors later in
night. Not recorded at southern California stations. Probably very feeble
and highly localized. (Maxwell Alien.) Noise like strong wind, though
there was none. Force 3 at oil fields.

March 5: 20.46, Scotia, Humboldt County. Slight. Motion vertical. 
March 10: 19.03, Ventura, light shock. Lasted a few seconds. Recorded on

instruments. 
March 15: 4.03, Santa Maria, Santa Barbara County. Lasted 15 seconds.

Rolled bed on castors. 
March 15: 4.20, Santa Barbara. Slight. Not certain whether this is separate

shock or that felt at Santa Maria, with reported time in error. 
"March 15: 19.30, two shocks close together at Carson City, Nev. Dishes and

windows rattled. No damage.
March 16: 6.30, Santa Maria. Slight shock, lasting 5 seconds. Recorded. 
March 19: 3.50, Brawley, Imperial Valley. Rattled dishes.
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March 19: 20.45, Riverside and Banning. Apparent motion from north to 
south. Recorded origin probably near Niland.

March 19: 20.48, Scotia, Humboldt County. Hanging objects set swinging. 
Series of vibrations becoming strong then dying away. Local.

March 20: 13.15, Riverside, Banning, and San Bernardino. Slight.
March 22: 0.44 Los Angeles. Slight swaying north-south.
March 28: 22.25, Santa Maria (force 6-7). Lasted 15 seconds. Shook dishes 

from shelves. Three distinct shocks.
April 3: 4.40, Redondo Beach, Los Angeles County, force 4. Slight bump from 

the southwest followed a few seconds later by a slight tremor. Maxwell 
Alien reports quake at Torrance and Lomita at 4.45 on 4th. Probably one 
of dates is in error and it is the same shock.

April 15: 13.57, Tehama County. Probably in vicinity of Lassen Peak. Felt 
at Red Bluff and faintly at Ukiah. Recorded at Berkeley. Force 5 at 
Willows and Red Bluff, 3 shocks. Recorded generally. Buildings rocked, 
dishes rattled.

April 16: 00 plus, two sharp shocks in Lassen region. Strongest east of moun 
tains.

April 17: 2.39. Windows rattled at Reno, Nev. Epicenter within 10 miles of 
that place.

April 18: 13.40 and 22.11 near Santa Cruz Island. Felt at Santa Barbara. 
Placed by Wood as submarine southwest of Point Hueneme and south or 
southeast of Santa Cruz Island. Also felt at San Luis Obispo.

May 4: 11.22, Los Angeles. Strong thump followed by shaking of steel-frame 
building.

May 16: 15.17, Bishop, Inyo County. Abrupt, followed by trembling for 30 
seconds. Recorded.

May 21: 16.37, Brawley, Imperial Valley. Rattled windows and dishes. Re 
corded. Origin near Niland.

May 27: 10.49, 15.33, and 17.58, Scotia, Humboldt County. Series of light 
shocks.

May 27: 21.40, Imperial, Imperial Valley. Slight shock. Recorded. Origin 
near Calexico.

June 3: P. m., Trinity County, force 6 at Trinity Center, Carrville, and Weaver- 
ville At 21.30 a shock was felt at Eureka and at Scotia. Probably same 
shock, though there are no reports from intermediate places. Chimneys 
thrown down at Weaverville.

June 9: 0.22, 0.31, and 4.25, Taft, Kern County. Three light shocks. Many 
awakened by trembling of houses and rattling of windows. Recorded at 
times given.

July 5: 20.40, San Diego. Rattled windows and dishes. Noted by a limited 
number of persons in one section of city.

July 18: 22.48, located by Wood as in Lower California southeast of Volcano 
Lake. Felt as slight shock at Yuma, Ariz.

July 27: 18.20, Eureka. Bump followed by trembling.
July 28: 14.02, Palo Alto. Single sharp jolt followed by fairly loud "boom." 

Seismograph at Stanford indicated epicenter within 10 miles.
August 2: 16.09, located by Wood in Santa Monica Bay.
August 8: 22.35, San Jose, Watsonville, Aromas. Slight. Felt at Palo Alto 

and San Francisco. Generally recorded.
August 14: P. m. Hay ward. Cracked walls of house.
September 5: 6.42, located by Wood as on the Pinto Fault at Hill, near Twenty- 

nine Palms in the desert region of Riverside County. Force 5 at Los 
Angeles. Felt at San Bernardino and San Diego and throughout this part 
of southern California. Did no damage. Generally recorded. Numerous 
aftershocks recorded instrumentally.

September 11: 3.36 (42° N., 132° W., instrumental). Submarine off the coast. 
Determined instrumentally.

September 12: Force 6, Madera, Madera County, time not given.
September 16: 2.30 and 3.30, Scotia and Eureka-. Generally felt with rocking

in north to south direction. Second shock felt only at Scotia. 
September 18: 18-46, San Diego. Slight. Generally recorded. Origin in San

Jacinto fault zone near Superstition Mountain.
September 23: Calexico, El Centro, force 5, 0.30, 1.45, 2.45, 8.00, 9.41, and 

9.44. A series of shocks, one heavy enough to cause people to leave their 
homes. The last three were the heaviest. 

September 30: 20.45, Eureka. Generally felt rocking motion.
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October 2: 11.01, located by Wood as in the same location as the epicenter of
September 18 shock. Felt at Los Angeles 125 miles away and area was on
order of 25,000 square miles. Felt at San Diego, Pomona, and Beaumont.
Slight at Imperial.

October 3: 4.28, Escondido, San Diego County. Slight. 
Oct. 29: 16.00, Calexico, El Centre, and Yuma. Strongest at El Centre. No

damage. Trembling felt at Yuma. Generally recorded. Epicenter near
head of Gulf of California. 

November 1: 21.00, Lompoc. Slight shock. Shock thought caused by boiler
explosion, but later disproved. 

November 5: 17.00, Scotia. Felt by a few.
November 15: 6.43, San Pedro. Located by Wood as under Santa Monica Bay. 
November 16: 3.30, Bay Point. People left their homes. 
November 16: 13.15, Oakland. Slight shock. 
November 18: 5.37, Redondo Beach. Two shocks from west, followed in a

second by faint trembling. Estimated force 3. 
November 27: 12.57, Los Angeles. Shook windows. Preceded by several light

shocks. 
December 9: 13.43, Scotia. Bump followed by trembling from north to south.

Hanging objects swayed. 
December 31: 2.45, placed by Wood near Torrance in Los Angeles region. Re

ported from Santa Monica, Long Beach, and other beach towns and inland
to Los Angeles.

WASHINGTON AND OREGON

120TH MERIDIAN OR PACIFIC COAST TIME

January 24: 9.45, Abbotsford (49°. 1 N., 122°. 2 W.). Slight shock. No details.
February 2: 4.52, Startup, Wash. (47°. 8 N., 121°. 7 W.). Generally felt. Strong

shake and roaring. Cracking of plaster and paper. People generally

February 9: 3.05, Vancouver Island, probably off west coast (48°.5 N., 125° W.).
At Alberni, British Columbia, loud report and rumble. Tidal wave at
Bamfield. Fairly strong shock at Tatoosh Island, Wash., where there was
a loud roaring sound. Slight at Port Townsend.

July 5: 21.30, Waldheim, Wash. (48°. 1 N., 121°. 6 W.). Shock felt by a few. 
September 4: Newport, Oreg. (44°.7 N., 124°. 1 W.). Slight shock felt also at

other towns within 10-mile radius. 
September 4: 23.18, Darrington, Wash. (48°. 3 N., 121°. 6 W.). Generally felt

over area 10 miles in radius. Trembling, two shocks.

ALASKA

150° MERIDIAN TIME, EXCEPT WHERE OTHERWISE NOTED

January 24: 16.35, Seward (60° N., 150° W.). Area unknown. Intensity 6.
Fairly strong at Seward. Two shocks close together; first slight, second
heavier and sharper. Lasted 5 seconds. Some day during week beginning
January 22, there was a shock at Latouche, 18.00 which was fairly strong. 

February 1: 15.08 (135° meridian time), Haines and Annex Creek (59° N., 135°
W.) . No details. 

February 6: 20.03, Prince William Sound (61° N., 149° W.). Alarm at Latouche.
Slight at Seward. Lasted 7 seconds at Matanuska with rattling of objects.
Fairly heavy at Anchorage. Too little data to fix area or epicenter. 

February 7: 20.50, three shocks at Seward (60° N., 150° W.). 
February 19: 11.08, Prince William Sound and Kenai Peninsula (61° N., 147°

W.). A severe shock at Seward which lasted 3 seconds. Buildings swayed.
Heavy snowslides along the railroad. Another felt at Latouche about mid
night and another at 12.42 p. m. on the 20th. A shock at Seward on morn
ing of 20th at time not given. 

February 21: 19.49, G. M. T. (66° N., 174° W., instrumental). Strong submarine
earthquake near Aleutian Islands.

March 2: 4.35, Anchorage. No details (61° N., 149° W.). 
April 6: 5.15, Seward (60° N., 150° W.). Two slight shocks. Motion north to

south.
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April 10: 4.09, Seward (60° N., 150° W.). Light shock followed by heavier, 
lasting in all about one minute. East-west direction. Heavy rumbling. 
People generally awakened.

April 19: 2.03 and 3.00 (160° meridian time), Igloo (56° N., 160° W.). Observer 
not sure whether sounds he heard were due to earthquake but could find no 
other explanation.

April 26: 16.45, Haines. No details.
May 8: 17.35, Dawson, Yukon (64° N., 140° W.). Slight earthquake through 

out Yukon River region. Low rumble. Not certain whether felt in Alaska.
May 15: Midnight (50° N., 179° W.), violent shock felt by Japanese steamer 

Erie Maru. Effect as if vessel had struck bottom.
June 8: 0.30, Cordova (60° N., 146° W.). People generally wakened. Hanging 

lamps swayed and plaster cracked. No damage.
June 20: 9.00, mild shock at Seward.
June 21: 6.26, Kenai Peninsula (61°.3 N., 148°.7 W., instrumental). Generally 

felt from Kenai Peninsula to Copper River Valley. There were three dis 
tinct shocks at 1.27, 6.26, and 7.20, of which the second was by far the 
strongest and was widely recorded on seismographs. Thirty miles north of 
Cordova men were thrown from their bunks. Plaster cracked at Cordova. 
Landslides at various places in the mountains. At Seward ground gave 
sensation of rolling waves. Lasted more than a minute at Anchorage. 
Heavy at Valdez. Felt at Matanuska and Chickaloon.

October 29: 21.13, Prince William Sound (61° N., 149° W.). Reported from 
Anchorage and Matanuska. Report from Latouche gives time one-half 
hour earlier.

November 12: 21.25, Anchorage (61° N., 149° W.). Single report, no details.
November 27: 11.20, Latouche (60° N., 148° W.). Awakened people. Single 

shock followed by trembling lasting a minute.
December 4: 6.37 (165° meridian time), Dutch Harbor (54° N., 166° W.). One 

shock. No damage.
December 18: 21.50, Chickaloon (61° N., 146° W.). Shock felt, no details.
December 24: 0.35, Fairbanks (65° N., 148° W.). Lasted 30 seconds, no details.

PORTO RICO

60TH MERIDIAN TIME

August 22: 4.50, shock generally felt throughout island. Epicenter can not be
determined through" lack of instrumental data. Generally felt at Orovicis.
Mayaguez (two shocks), Aguirre, and San Juan. Sounds thunderous at
Santurce.

November 1: 11.10, Orovicis, P. R. Slight shock. 
November 18: 22.35, many people alarmed at Orovicis, P. R. East to west

swaying motion at San Juan. Felt at Mayaguez.

PHILIPPINE ISLANDS

February 6: Davao Province, Mindanao. Strong shock.
June 13: P. m. Heavy loss at San Jose, Mindoro Province.
August 5: P. m. Two sharp shocks at Manila. Clocks stopped. No damage.
December 19: Mindanao, shaken by severe earthquake. Many houses collapsed

at Cotabato which was also seriously damaged by tidal wave, which swept
up the Cotabato River. Reported 4 dead, 102 injured. 

December 28: Fairly strong earthquake at Zamboanga. Felt at Jolo but much
less intensely.
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INSTRUMENTAL REPORT ON PRINCIPAL EARTHQUAKES

Date, station, and hour

Ftbruarv SI

Chirlottesville: 
20k.......  -  -....  _

21k
Chicago: 

19^.... .......................

20k..   ......................

Honolulu:
20h.... .......................

Sitka: 
19i>..  .....   ...........

20t>  . .................... ...

Tucson: 
1'jb... ........................
20h.    -    -         -    .  

Manh 9

Balboa, Canal Zone: 
18"-.. ....... ..................
20h...... ......... .-..     -..

Charlottesville:

19b..... ......................

20k_... ............ .......... .
Chicago: 

Ifck...... .....................

19t>....... ....................

211>.. ..........................
Honolulu:

13h_____ .....................

20k...........................
Sitka: 

18k_. _.._.__,__... ... ... ... ...

19i>

Phase

e 
eLi 
Mi 
F

iP 
iPRi 

iS 
eSRi 
eSRz 

iLi 
Mi 
F

eS 
SRi 
SR2 

Li 
F

iP 
iS 
eS 
eLi
Mi 
F

P
PRi

s
Li

e 
F

eP' 
e 

iPRi 
ePS 
eSRi 
iSRi 

Li 
Li 

Mi

eP' 
oPRi 
ePS 
iSRi 

Li 
Mi 
F

iP'
eSRi 
eSR:

eScPeS 
PS 
SRi 

eSR 2 
Li 
F

S 
PS 

e 
Li 

Mi 
F

Time component

North East

m. s. 
OC.O 
15.0 
20.0
18

57 5(i 
59 49 
05 07

09 35 
In 05
17.7 
35

01 20

OS.O 
10 55
57

53 58 
57 19

58 .55 
01
45

58

05 OR 
H 01

20 
30

 23 16

29 20 
39 10

47 50 
54

31.5 
36

25 55 
29 37

34 33 
39 40

50 30
57

33 15 
35 07 
53 
01 01 
11 45 
39

m. s. 
Ofi.O 
15.0 
20.0 
12

57 58 
59 54 
05 11 
OS 25

15 45 
17.7 
35

01 23 
07 33

10 19
57

£3 40'

57 24 
50 02 
01 32 
45

53 
00 01 
05 10 
13 12

20 21

39 28 
47 32

01 
31 
30

25 25 
28 22 
41 59 
 H 23 
01.3 
14.1 
6

24 43

31 45 
34 33 
40 13 
43 54 
49.5 
57

33 17 
35 08 
53 19 
04 0;-! 
IS 21 
39

Remarks

Origin, 19i> 48.9 . 
Epicenter, 66° N., 174° W.

Origin, 18k 05.7">. 
Epicenter, 4° S., 85° E. (approximate).

No record on N.-S.
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Instrumental report on principal earthquakes Continued
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Date, station, and hour

March 9   Continued

Tucson: 
1^.. .........................

19-...  ........ ............

Mirch S£

Bqlhoa, Canal Zone:
4^...... .......................

5k       .- ....................
Charlottesvillc: 

4>>. ...... .....................

7b

Chicago:
4b

Honolulu: 
4>>... ............... ___ .....

O^..   ..... .................
Porto Rico:  (- h

Sitkn: 
4^... .........................

5>>. ............................
Tucson:

4I>_. ..........................

April 6

Chicago:
17 h

IS"". ..........................

19b_. .........................
Honolulu:

ISt....... ....................

Phase

P' 
PRi

cSRi 
ePR 2 

L

P
S 
L 

M 
F

iP 
e 

iPRi
s 

is 
L 
F

iP 
iPRi 

iS 
F

P 
PRi 

S 
SRi 
SR2 

i 
eLi 
Li 
F

P
P 
I.

M 
F

eP 
iP 

iPRi 
iS 

iSRi 
iLi 
eLi 
Mi 
F

iP 
iL

PR8 
eS 

S 
iSRi 
eSR! 

eL! 
eL, 
Mi 
F

ePS 
eL, 
F

Time component

North

m. s. 
24 06 
28 24 
47 05 
52 20 
0'; 25

21 18 
25 
27 12 
28 01 
07

22 37

23 50

27 
30 54
24

22 42

27 07

35 
39 10 
41 11

45 40 
40

24 08 
27 14 
29 04 
36 24 
30.3

26 07

33 32

42 fl 
45 48 
56

21 51 
25 55

47 29

51 48

50 01

00.2 
05.9
6

13 57 
47

East

m. s.

22 37 
23 50

27 24

31 
21

22 44 
23 10 
27 17 

G

20 50 
29 21 
35 10 
39

44 17 
44 50

40

24 06 
27 28 
29 30 
36 30 
36.3

26 09 
28 25 
33 30 
37 32 
42 35

45 59
5fi

51 35

53 15

58 15

05.3 
6

00 
17 50 
47

 Remarks

Nothing on E.-W.

Origin, 4h 17.0m. 
Epicenter, 14.7° N.,

Activity too rapid 
either component.

Nothing on E.-W.

Origin, 17i> 34.2">. 
Epicenter, 4° S., 19.5

94.2° W. 

to record well on

0 W.
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Instrumental report on principal earthquakes Continued

1928

Date, station, and hour

April 9  Continued 

Tucson:
17h __ .............. .........

18h.... ..................... ..

April IS 

Balboa, Canal Zone:
17h.... ................ .......

ISh........ ...................
Charlottesville: 

23-V.  ...... .  ........

Chicago: 
23h.  . ......................

21 h
Tucson: 

23h... .....  ................

24h.. ......... ................

AprH 17 

Chicago:
3h..__ ........................

4h
Honolulu:

3h.. ..........................

4h_. ...... ....................

April 18

Charlottesville: 
19 h.. _ ------------....-.. ...

20h..... ......................

Chicago: 
19i ..........................

20h--..... .--....--...... ...
21h___. _______________________

Honolulu: 
19h -.------------..--..-....-

20h... ........................
21h..._. ......................

Phase

iP 
iPKi 
iPR2 

eS 
iS 

eSRi 
T.I 

Mi 
F

P

!
M 
F

eP
iS

i 
eLi
Mi p

iP 
e 

iS 
Li 

eLi 
M, 
F

iP 
eS 

eSRi 
Li 

eLi 
Mi 
F

iP 
iPRi

iS 
Mi 
F

eP
iS 
S 
F

eP 
iS 

e 
eLi 
Mi 
F

iP 
iS 

eSR 2 
eLi 
Mi 
F

PS 
SRi 
eSRi 
eLi 
F

Time component

North

m. s. 
44 21 
40 Oti 
4S 79

52 32

01.6 
11.6 
50

39 30 
44 
47 H 
54 21 
15

22 
26 40

36.5 
4f\ 0 
30

21 51
25 58 
26 -13

~32~ 50 

40.9
54

21 07
25 09 
26 21

27 32 
29.9 
30

30 46 
31 15 
34 55 
35 28 
56

35 20 
43 10

12

34 50 
44 34 
52 35 
59 14 
05.9 
12

52 34 
58 50

16 50 
6

East

m. s. 
44 23

52 30

57 02 
00 52 
09.6 
50

26 52 
36 ' 
39 
30

21 55

26 44 
32 50

40.6 
54

21 06 
25 13

27 43

30.1 
30

30 44

35 08 
36 13 
56

43 20 
12

34 36 
44 06 
49 
54 
08.1 
13

.

59 17 
16.0 
6

Remarks

Origin, 23 1" 15.P". 
Epicenter, 12.2° N., 94.0° W.

Origin, 31*24.1°'. 
Epicenter, 16° N., 95.6° W.

Origin, 19 h 22.7m . 
Epicenter, 41° N.,25° E. (approximate).

Nothing on N.-S. 

E.-W. lost in overlap.
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Instrumental report on principal earthquakes Continued
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Date, station, and hour

April 18 Continued 

Tucson:

May 14 

Balboa, Canal Zone:

Charlottesville:

Ik.... 
Chicago:

22k...

Honolulu:

Porto Rico:

Sitka:

23h

"Tucson: 
22k-.

Phase

IP
P

ePRt

eS 
ePS 
eSRi

Li 
Mi
F

P
S 
L 

M 
F

iP
iPRi

e
PR S

iS

Mi 
F

IP
iPRi

iS
SRi
Mi
F

P 
PR,

S
PS 
Lq 
Lr 
Mj
F

L 
M 
F

eP
iS

iSRi
eSR 2

eLi
Mi
F

iP 
i

ePRi
iS

iSR
eLi
Li

Mi
F

Time component

North East

m. s. 
36 29

40 15
46 56

49
54 16

08 46
13.2
14

18 30
21 18
22 34
24 14

22 47
24 32

25 37
29

35
37.8
36

23 26
25 36

33.5
38.2
50

27 18

37 30
38 07
49.3
53 34
58.8

0

19 34
22 49
24 24
34 15
18

26 52
36 39
41 C3
45 55
53 09
03 44 
57

23 31
24 18

30 35 
~34~~27~

34 50
30

36 36

03 39
08 44

13.1
14

18 30
21 22
23 14
28 56

23

24 42

29 16
32 30
34 30
36.5
36

23 29

30 19

36.6
50

27 13
30 20
37 27
38 27
48 50
53 16
54.0

6

19 33
22 52
24 27
43 05
18

26 41
36 39
41 03
45 47
52 49
03 44
57

23 30

Remarks

Origin, 22^ 14.7 . 
Epicenter, 6.7° S., 81° W.

Activity too rapid to record well.

25 01
30 32
34 26

37 44
42.5
30
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Date, station, and hour

May 27

Charlottesville: 
1Q^......... ..................

12*..........  ..............
Chicago: 

lOfc . ..... ..................

l^........... ................
Honolulu: 

^. ................. ....... ...
10h...    ....... ..............

m.-. ..-... ....... ........
Sitka:

11*...-...    ......... ........

m.............................
Tucson: 

10«>.. ...... .......... .........

12*.  ...... . ...  .......

June 17

Charlottesville: 
3«>.  ........................

7h.... .......................
Chicago: 

^.    ........ .............

?!> . . -
Honolulu: 

3 h

?!>.... ........................
Tucson: 

3"  ...... .  .   -. .....

<^.  ..................... ..

Phase

S 
eSRj 
eSRz 

L! 
Mi 
F

eP 
ePRi

iS 
iSRi 

iL, 
L, 

Mi 
F

iP 
eS 
iS 
Li 

Mi 
F

eP
iS 

iSRi 
iSRj 

iLi 
Mi 
F

eP 
S 

eS 
eSRi 
eSRj 

eLi 
Mi 
F

iP 
iS 

iSRi 
Li 
F

iP 
i 

F

iP 
ePR 2

iS 
S 

SR, 
SR2 

Li 
Mi 
F

iP
i 

iSi 
Mi 
M2 
F

Time component

North

m. s. 
14 28 
20 40 
24 48 
27.0 
48.5 
18

03 07 
06 45 
13 31 
19 10

30.5 
39 00
48

07 10 
07 20 
13.2 
17.5 
00

00 25 
07 23 
09 35 
10 49 
13 11 
13 11 
13

02 40

1? 43 
17 49

24 05 
24 40 
05

23 16 
29 56 
31 16 
33.0 
24

24 <14 
34 24 
41

29 30 
32 50

37 26 
41 50 
43 50 
46 35 
53 12 
48

24 13

28 06

30 27
45

East

m s. 
14 36 
?1 
24 52 
27.2 
48.5 
18

03 07

13 33 
19 28 
26 10

47.0"
48

59 50

07 20 
14 33 
15 44 
00

02 41 
12 41

21 31 
24 29 
32.0 
05

25 16 
29 53 
31 10 
32.6 
42

24 48 
34 48 
41

29 28 
32 40 
37 30

41 31

44 46 
50.6 
48

24 13 
24 48 
28 08 
28 23

45

Remarks

Origin, Q* 50.6m. 
Epicenter, 41° N., 142° E.

Nothing on E.-W.

Origin, 3h 19.4". 
Epicenter, 14° N., 97° W.

Activity too rapid to record well.
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Date, station, and hour

June SI

Chicago: 
10".......... ........... ......
]!* .... ............. ..........
12*.              ..

Honolulu: 
10"   .  ..     . ...

11"... ................... ....
12"

Tueson: 
10"..-.      ............

11*.- ......-...............

June SI

Balboa, Canal Zone: 
16" _ ........... _ ..........

Phase

eL 
Mi 
F

eP 
P
S 

eSRi 
SRi 

Li 
Mi 
F

P 
iPRi 

eS 
eSR2 
eLi
r

P

Time component

North

m. s.

48 17

51 5(i

57 50 
58 07 
00 40 
36 ' 

52 42 
55 49 
02 49

14 04
28

East

m. s. 
57 40 
30.1
54

48 20 
54 52 
57.1

50 20 
00 55 
36

52 41

12 56 
27 14
28

48 00

Remarks

Origin, 10" 40.2m . 
Epicenter, 18° S., 178° W.

N.-S. record lost.

Weak record ; amplitudes small, phases 
not well marked.

Origin, 16" 27 2m . 
Epicenter, 61° N., 149° W.

Chtcngo: 
16* 

19*....
Honololu:

16*. 

19*   
Porto Rico:

16*...,.
17"..... 

Sitka:
10*  

17*..
Tucson:

16"..

July 18

Balboa, Canal Zone: 
19*.___........

CharlottesviUe: 
19*..........

20".

iP 
iPRi

iS
iSRi 

Li 
Mi 
F

eP 
iP

iPRi 
PRa

iS
eSRi 

T,i 
Mi 
F

e 
F

iP
iS 
iLi 
Mi 
F

iP 
iPRi

eSRi

Mi 
F

P
S 
L 

M 
F

iP 
PRi

S 
L! 

Mi 
F

34 43
30 27

40 50 
43.4 
45 40 
48 40 
12

58 02
58

28 51 
BO 10 
31 02 
33 58 
11

U 26 
35 56 
10 14

12 18 
14 32

50 22
!8

3 22
5 06
9 47
f.O
0.7
2

33

40
43

51.
12

3-1

37
40

"Is" 

45

53
58

28 
30 
30 
32 
41

?A 
35

40
43

47
48
48

08
11
13

54

£4

ru
31
09

0

33

00
50

"48~ 

30

36

55 
21 
55 
59

27
58

09

20
58 

3R

05
OS

N.-S. record lost.

Origin, 19" 04.9". 
Epicenter, 6.5° S., 79.5° W.

E.-W. record lost.
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Date, station, and hour Phase
Time component

North East
Eemarks

July IS Continued 

Chicago:

221- . 
Honolulu:

Porto Eico:
191----..

Sitka:

Tucson:

21 1"__.....__. 

August 4 

Balboa, Canal Zone:

.. 
Charlottesville:

20">.

Honolulu: 
IS"-. 

Sitka:

iP
eS 
iS

iSRi 
i

iL, 
Mi

iP
iS 

iPS 
iSRi

T.i 
Mi
F

P
S 
L 

M 
F

eLi 
Mi 
F

iP

iS 
eS 
cLi
Li 

Mi
F

I'
S 
L 

M 
F

iP
i

iS 
Li 
F

eP
iP

iPR:
iS

eSR: 
L 

M- 
F

ePRi
eS

cLi 
Mi 
F

m. s.
13 22
19 39
20 34
23 57

33.3
"Is""

17 31
27 53

41 30
42.2
26

10 47
15 31
21 31
20 18
53

39 41
40 47
58

13 46
15 21
20 13
20 43

24 30
28.5
09

30 57
34 24
34 24
34 53
29

32 Oo

36 46
39.0
42

30 00

43 50
50 10
52.0
55.4
20

35 12
37 08
 12 22
45 2S
46 34
 50 11
54 20 
13

m. s. 
13 22

20 20
23 18
23 40
27 11

31.1
18

17 30
27 44
28 29
32 50
42 50
45.7
26

10 48
15 34
19 48
22 40
53

13 47

21
24 35

28.6
09

30 48
34 36
34 36
34 50
29

32 08
32 40
36 44
39 40

3(3 07
40 58
43 50

51 40
54.8
20

35 07
37 11
42 21

47 21
50 39
54 27
13

Origin, 18h 25.9" 
Epicenter, 16° JN

Maximum too targe to record.
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1 

Date, station, and hour

August 4   Continued

Tucson: 
1S^.. .........................

21 h --.. .- .............. -----

September 11 

Chicago:
12h_..    . ....................

U^.. ..................... ....
Honolulu: 

12".... ..... ..................

15i>   . .       -...    
Sitka: 

12h . _ .

13".........................-.
Tucson:

l^..... ......................

September 22

Chicago: 
7"............................

8*1---. .......................

10t>__ --....- .......
Honolulu: 

7"....-......................

9h_. ..........................
Sitka: 

7fc_  ........ ... .............
8h~. -             .    -_----_

Tucson:
?1>   - __ ..-.  .... .......  

8h.-~    ---.-. .............

9»....... .......... ...........

Phase

iP 
S 

iS 
eSR. 

iL! 
Mi 
F

iP 
i 

iS 
Li 
F

cPR!
iS 

iSRi 
Li 

Mi 
F

iP 
eP
eS 

iSRi 
eLi 
Mi 
F

eP 
iP
iS 
iLi 
Mi 
F

eP'
iPS 
eSRi 

Li 
Mi 
F

iP 
ePRi 
ePRs

iS 
iSRi 

Li 
Mi 
F

ePS 
cSRi 

eLi 
Mi 
F

eP 
ePS 
eSRj 
eSRz 

eLi 
Mi 
F

Time component

North

m. s. 
30 53 
3-1 40

36 09 
36 50 
37 29 
03

44 13
4S 29

49 57 
53 50 
18

39 39

42 45

44 03 
14 37 
35

40 42 
40 47 
44 16 
44 43 
47 24 
00

40 07

43 22 
47 17

56 24
54

55 43 
06 41 
12 21 
13 33 
38

46 14

01 56 
08 32 
13 4C 
17.5 
20

East

m. s. 
30 51

31 38

" 3(V~34 
37 
03

41 45 
40 00 
4f- 39 
52.5 
12

44 18

49 
50 
53 48 
18

39 40 
42 4fi 
43 23 
44 08 
4-1 38 
35

40 42 
40 47 
44 18

48 32 
00

50 01 
59 32 
05 26

29.8 
20

40 10 
42 06

47 26 
51 47 
52 40 
56.7 
54

55 45

45 26 
56 40 
01 52

13 34 
16.7 
20

Remarks

Origin, 12'' 36. l m . 
Epicenter, 42° N., 132° W.

changing tnices.

Origin, 7*> 31.0 . 
Epicenter, 14° S., 164° E.

N.-S. record lost.

This record is unusual in that scare 
any preliminary phases were reco 
ed while the long waves were of v 
regular sinusoidal nature.

in

ely 
rd-
;ry
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Date, station, and hour

September 57 

Balboa, Canal Zone:
Oh-I-.-.-.- ..................

Chicago:
Oh.   .-..    .    .............

!!>.___ .........................

Tucson: 
0" .     .-.. - .

lh.--.   .....................

October 9 

Balboa, Canal Zone:
3I>...-    ....-..-...--.-...-.-

4t.. ..........................
Charlottes ville: 

3h.. ........ ..................

6h         ..      .-    ...-.-
Chicago: 

3i«  ..... ........... _ ......

7h..... .......................
Honolulu: 

3h... ..........................

61-..  ..-..-.._-._.--...._...
Sitka: 

3". .-  ..................

6h  .. .......................
Tucson:

3b.    ...... ..................

5I>.- .............

Phase

e 
F

iP 
iPRi

iS 
L, 

Mi 
F

eP 
ePRi 
ePR2 

e 
i 

eS 
F

P
S 
L 

M 
F

iP
iS 

SRi 
L, 
F

iP 
iPRi 

i
iS 

eL, 
L, 

Mi 
F

iP 
iPRi 
ePR 2

iS 
i 

eSRi 
L, 

Mi 
F

iP 
eP 

iPR, 
ePK, 
iPR 2 

iS 
iSRi 
eSR 2 

iL, 
Mi 
F

iP 
i

iS 
ii-i 
Mi 
F

Time component

North

m. s. 
48 33
55

51 03

56 52 
00 49 
03.7 
40

53 16 
55 17

00 27

Oti <!0 
23

05 29 
09 09 
09 17 
09 40 
43

00 53 
11 36 
14 00 
15.9 
36

06

07 33 
10 24

13 03 
19.1 
00

10 57 
12 09

18 58

22 34 
25.0 
31 20 
20

10 07

12 07

12 48 
17 23 
21 22

26 53 
29 08

05 47 
06 05 
09 32 
11 23 
11 Fi 
37

East

m. s.

51 02 
52 26 
56 49 
02.4 
04.3 
40

53 18 
55 13 
56 51 
00 34 
03 02

23

05 27 
09 09 
09 09 
09 37 
43

06 54 
11 36

05 59 
06 30

10 35 
14.0

22.2 
00

11

15 54 
19 
20 50

26 42 
31 20 
20

10 07

12 07

17 23 
21 23 
22 24 
26 51 
29 36 
33

05 47 
06 36 
09 31 
11 26 
13.8 
37

Remarks

Origin, Oi> 44.0m . 
Epicenter, 12° N., 59° W.

Origin, 3 h 00.9". 
Epicenter, 19° N., 99° W.

Activity too large to record well.



UNITED STATES EARTHQUAKES, 1928 

Instrumental report on principal earthquakes Continued

25

Date, station, and hour

October £6

Balboa, Canal Zone: 
12k........... __ ............

13*........ ........... ........
Charlottesville: 

m.. ............ _ ..........

IS*.......    ..-..._.-...-..
Chicago:

12h...... ........ __ ..........

Honolulu:
12h...... __ ....... __ ..... __
131............................

Tucson: 
12J>..... ...... ................

13h........_........._........

November 1

Balboa, Canal Zone: 
4>>............................

Charlottesville: 
4>>-. ........ __ ...... _ .....

5h.. ..........................
Chicago: 

4fc_. ........... _____ ......

5^. ...........................
Honolulu:

4h.....-..    ._....._..._.._._

Tucson:
4h...._.....-_.._......._._._.

5^....... .....................

November 20

Charlottesville: 
20>>..   ......... ___ . _ ..

22<»..... ........ __ ........

Phase

P
S 
L
M 
F

iP
eS 
iS 
L, 
Mi 
F

e 
e 
Li
Mi

iS 
L,
Mi 
F

eP 
ePRj

eS 
e 

eLi
M, 
F

e
F

eP
eS 
iS 
eLi
Mi 
F

iP
iS 

iSRi 
L,
Mi 
F

eLi 
L,
Mi 
F

iP
i 
i 

iL, 
Mi 
F

iP 
eP
iS 
eLi 
Mi 
F

Time component

North

m. s. 
34 58 
36 24 
36 52 
37 56 
01

38 48

43 54 
48 
51.4 
35

39 12 
40 06 
44 52 
47 11 
52 06 
52 32 
30

21 
46

18 22 
22 42 
22 56 
25.0 
27.0 
22

17 42 
21 29 
21 54 
23 03 
25.2 
37

35 20

37 36
57

14 35 
14 57 
15 44 
16 16 
17 44 
03

45 20

53 36 
05.0 
08.0 
10

East

m. s. 
34 53 
36 23 
37 09 
37 55 
01

43 20

46.2 
50.2 
35

42 09 
43 53 
45 21 
47.0

53 10 
04 30 
10.8 
20

39 14 
40 15 
44 58

48 56

18 20 
22 44 
22 56 
24 30
28.7 
22

17 42 
21 33

23 17 
23 57 
37

36 30 
37 24
57

14 34 
14 57

16 23 
18 14 
24

45 20 
53 38 
02.0 
08.5 
10

Remarks

Origin, 12& 32.8-». 
Epicenter, 12° N., 86° W.

N.-S. record lost. Finish on E.-W 
lost in changing traces.

Nothing on N.-S.

Origin, 4<> 12.6m 
Epicenter, 26° N., 106° W.

Origin, 20h35.3">. 
Epicenter, 23° S., 72° W.
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Date, station, and hour
Time component 

Phase I           

Xorth East
Remarks

November HO Continued 

Chicago:

Honolulu: 
20t>.._. 
21*...-

iP
iS 

iPS
SRi 

L, 
M 
F

m. s. 
45 47
54 30
55 49
58 38
04 44
14.4
00

45 55
54 33
56 41

Tucson:

December 1

L, IMI!
F i 

iP i

ePR] L 
iPR? i 

iS ! 
eSRi L 
eSR 2 

eLi 
Mi 
F

1P.O 
20.5
47

46 05
48 05

50 48
54 54

02 37
08 09
09.0
34

04 43
14.4
00

59 15

20.9
47

46 05
47 59
49 29

54 59
59 50
02 44
06 43

34

Balboa, Canal Zone:
4i>....___................... Pi 14 21 14 33

S ! 20 55 21 01 
L 24 19 24 19 
M 25 11 25 05

5 h___.   ._...___...| F 53 53 
Charlottes ville: ,

4b______.__...__...J e .-.--..-  17 48 
eP I 18 3? ;_____...__
iP ' 18 47 |..........
e 21 30 ...........
i .......... 27

iS 28 08 ..........
i L......... 31 32

SRi 32 44 ____.,-  
Li 36.0 35.8 
Mi 55.0 49.4 

7h....-   -     ......   F 42 36
Chicago: !

4t>_      .   ._.-.... _-. iP I 18 10 18 07
iPRi ' 20 44 ._...--  
1PR 2 23 08 i 23 05 

iS ' 28 01 ! 27 50 
i ! 32 25 ._.. -   
i I 38 37 L.........

eLi I..........! 41.3
Li I 41.8 '..........

) Mi 52.4 55.2 
7>>       .  .. ...., F 56 56

Honolulu: I i
4h._.____.______._! iS i ........ 30 25 Nothing on N.-S.

i SRi .......... 37 30
I eLq !.......... 48 13

iLr I..........] 51 48
i Mi L......... 54 20

7i>_______....._._......I F ---------- 00
Sitka:    

4h..-.        ._.-     eS.PcS ! 31 20 31 20 
iPS I  ....... 33 56
ePS i 34 ..........
iSRi i 40 20 40 18 
iSR2 44 35 !   -_ - 
eSR 2   . I 44 43 

Li '-_-...  . 53 30 
eLi I 53 38 -----
Mil 09 46 16 03 

6 h    -   ..      F i 39 39

'L" phase much weaker on E.-W. 
than on N.-S.

Origin, 4h 06.5 . 
Epicenter, 35° S., 74° W.
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Date, station, and hour

December 1  Continued

Tucson: 
4". ______ ..... __ .......

5b-.-........._._.-...-...- 

7b ....._....-......-. .-_

December S 

Balboa, Canal Zone:
4h _____ . __ .. ___ ............

6>>  ... -.   -  
Charlottes ville: 

4I>................. ...........

5h. ________ ......... .....
71>  __ __ .. _ ........... ...

Chicago:
4h... .........................

5I>............... .............
7*  ._ _____ ... _ ... __ .

Honolulu:
5h __ .. __ ... __ ... __ ........

61>  .. __ ....... __ ........
Tucson:

41>..-__ __ . __ ........... ___ .

5 !>..-_ ___ ..... __ ....... ___ .
6^... .........................

December 19 

Balboa, Canal Zone:
12h_.__ __ ..................
13^......... ....... _ ........

Charlottes ville:
lib.. ____ . _____ ....... ___ .
12".... _ ............... __ .

13^.. ____ ...... _ ........

Chicago:
12h __ ..... __ .... __ .........

14h ____ . __ . ___ .. ___ .......

Phase

iP 
iPRi

iS 
i 

eSRi 
eSRs 

e 
eLi 
Mi 

eLi 
Mi 
F

P
S 
L 

M 
F

eP
S 
i 

eLi 
Mi 
Mi 
F

P
iS 

eLi 
Mi 
F

eLi
Mi 
F

iP 
P

i 
ePRi 
ePR2 

iS 
eSRi 

eL 
eLi 
Mi 
F

e 
F

ePRi 
PS 

eSRi 
eSRa 

L, 
Mi 
F

e 
e 

eLi
MI 
F

Time component

North

m. s. 
18 
20 57 
27 42 
29 45 
32 51 
35 38

08 57 
09.4 
20

28 40 
35 12 
38 29 
38 44 
27

31 54 
41 20

50.3

09.2 
18

32 21 
42 10 
55.4 
05.0 
24

07 06 
16.7 
10

32 18

36 28 
39 16 
41 58 
46 58

57 20 
30.6 
10

15 
30

59 20 
09 
16 
21 
27.5 
04.8 
56

East

m. s. 
18 02

27 36

36 05 
42 54 
45.7

16

41 22 
46 00 
50.0 
54.0

18

42 12 
51 30 
02.3 
24

06 23 
11.4 
10

32 20 
32 48

42 02

57.9

10

00.6 
11.8 
28 42 
41.2 
12

Remarks

Time marks lacking on N.-S.

Origin, 4i» 20.6 m. 
Epicenter, 35° S., 74° W.

Very weak record on E.-W.

Origin, ll^ 37.2". 
Epicenter, 6° N., 124.5° E.

N.-S. record lost.
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Date, station, and hour

December 19   Continued

Honolulu: 
lib.....  ...................

12k         ..................

13>>  -  .    - 
Sitka:

12k   -..  ...-.-.-.    -...-.

13h  ............  .........
Tucson:

lib __ . ___ ..................

12i>.... .......................

13i>.  .... ........... ........

Phase

ePRi 
eS 
IS 

eSRi 
eLi 
Mi 
Mz 
F

IS 
IPS 

e 
eLi 
Mi 
F 
F

eP 
ePRi 
ePS 
eSR, 

eLi 
Mi 
F

Time component

North

m. s.

58 06 
58 57

08 27 
09.6

06 

01 30

15 04

54

57 17 
06 21 
12 46 
23 49 
25.7 
48

East

m. s. 
52 50

59 11 
02 04 
14 50

24.5 
06

01 30 
03 06 
10 46 
15 02 
23 24

20 

57 17

06 16

33.2 
34.2
48

Remarks

MISCELLANEOUS SEISMOLOGICAL ACTIVITY

GEODETIC WORK

During the year covered by this report no new triangulation was 
executed in the California regions of seismic activity. The line of 
first-order leveling between Mojave and Barstow in progress at the 
end of the last year was completed. First-order leveling was extended 
along the Southern Pacific Railroad between El Centro and Colton, 
and from Lone Pine- along the trail to the top of Mount Whitney.

HYDROGRAPHIC WORK

yessels engaged in survey work are directed to make reports of 
visible or felt effects of earthquakes. No reports were received for 
the period covered by this report.

TIDAL OBSERVATIONS

Tidal records of the bureau were examined for disturbances due to 
submarine earthquakes with the following result for the shock of June 
17 at 3h 19.4m, G. C. T.:
La Jolla, Calif.: Inches 

First maximum, 22%h, June 17---.-_____--__._____-_-_-- 6. 0 
Second maximum, 4%h, June 18.___________-_____---__--_----_-- 4. 5

San Francisco, Calif.:
First maximum, 00% h , June 18--__-_--__----_---------------_---
Second maximum, 5%h, June 18.._______________________________ 2. 25
Third maximum, 13% h , June 18_______________________________ 1. 5

These waves were plainly seismic having a period much too long 
and regular to be the result of meteorological conditions. The aver 
age period of the waves from crest to crest were approximately 15 
minutes at La Jolla, Calif., and San Francisco.
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INTRODUCTION

This publication includes earthquakes of regions under the juris 
diction of the United States, though in the case of the Hawaiian and 
the Philippine Islands earthquakes of volcanic origin are not included 
and only severe earthquakes are included in the case of the Philip 
pine Islands since reports are published in Manila. Earthquakes 
adjacent to the United States and felt within its borders or those in 
the regions under its jurisdiction are described except that, in the case 
of the Canadian earthquakes felt within the United States, a general 
description only is given, as details are given in the Canadian report. 
As a reciprocal arrangement United States earthquakes felt in Canada 
are published in detail in this volume. The principal earthquakes 
of the year which were very widely recorded are given regardless of 
location, and instrumental details for these are included.

It has been decided not to give individual credit for information by 
individuals. In omitting this the bureau wishes to express its appre 
ciation to the various organizations and individuals who have made 
it possible to prepare descriptions of the earthquakes of this country 
with a completeness and accuracy that has never before been possible. 
The principal sources of information are as follows:

United States Weather Bureau.
Division of geology and geography of the National Research Council, Arthur 

Keith, chairman.
Central office of the Jesuit Seismological Association at St. Louis, Mo.
The San Francisco field station of the Coast and Geodetic Survey, cooperating 

with the Seismological Laboratory of the Carnegie Institution and California 
Institute of Technology (H. O. Wood, research associate, in charge), University 
of California (Perry Byerly in charge of the Seismological station), and Stanford 
University. These persons are responsible for instrumental determination of 
epicenters in California when given. Among the commercial agencies in this 
section there are a number of cooperators, including the Pacific Telephone & 
Telegraph Co., Great Western Power Co., National Board of Fire Underwriters, 
Southern California Telephone Co., Standard Oil Co. of California, Associated 
Oil Co., Southern Pacific Railroad, and the San Diego & Arizona Railway Co.; 
also a large number of other organizations and individuals.

Press dispatches (received through the courtesy of Georgetown University).
Telegraphic reports collected by Science Service. This cooperative service 

was inaugurated in 1925, but through an inadvertence was not mentioned in 
the report preceding this, Serial No. 483.

Reports from individuals. Prof. Harry Fielding Reid has furnished-data of 
historic value.

Bulletin Seismological Society of America, 1929.

As a number of organizations are actively interested in the collec 
tion of noninstrumental data, a plan was adopted whereby each organi 
zation will undertake to cover a specified territory, thus avoiding 
needless overlapping of effort. This work will be in addition to that 
now carried on by other agencies such as the Weather Bureau and is 
intended to coyer the special investigation of earthquake areas. 
The accompanying map (fig. 1) shows how this activity is being dis 
tributed. The eastern half of the United States, except the central
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Mississippi Valley region, will be covered by the division of geology 
and geography of the National Research Council. The central 
Mississippi Valley region will come under the Central Office of the 
Jesuit Seismological Association at St. Louis. The Washington 
office of the Coast and Geodetic Survey will cover the greater part 
of the western half of the country, while its field station at San Fran 
cisco will serve as a central station for the various information 
services now being effectively organized in California.

It should be pointed out that this volume and that for 1928 are 
extensions of the information which appears in Special Publication 
No. 149 of this bureau, entitled "Earthquake History of the United 
States Exclusive of the Pacific Region." This publication, however, 
is more complete, since it includes earthquakes of all grades of inten 
sities and also includes earthquakes of the Pacific coast region. In 
this connection it should be stated that that region is covered through 
the year 1927 by the Holden and McAdie catalogues l and by a forth 
coming publication under the auspices of the Seismological Society of 
America, which will extend the record to the close of 1927. There is 
hope that this, as well as republication of the older catalogues now 
out of print, will become possible in the near future.

It will be noted that the appraisal of intensities has not generally 
been made. Since isoseismal maps appear which are based on inten 
sities, the Rossi-Forel scale, which will be used until there is general 
sentiment for the adoption of a more precise scale, is given below in 
abbreviated form:

ROSSI-FOREL SCALE OF INTENSITIES

1. Microseismic shock. Recorded by a single seismograph or by seismographs 
of the same model, but not by several seismographs of different kinds; the shock 
felt by an experienced observer.

2. Extremely feeble shock. Recorded by several seismographs of different kinds; 
felt by a small number of persons at rest.

3. Very feeble shock. Felt by several persons at rest; strong enough for the 
direction or duration to be appreciable.

4. Feeble shock. Felt by persons in motion; disturbance of movable objects, 
doors, windows; cracking of ceilings.

5. Shock of moderate intensity. Felt generally by everyone; disturbance of 
furniture, beds, etc.; ringing of some bells.

6. Fairly strong shock. General awakening of those asleep; general ringing of 
bells; oscillation of chandeliers; stopping of clocks; visible agitation of trees and 
shrubs; some startled persons leaving their dwellings.

7. Strong shock. Overthrow of movable objects; fall of plaster; ringing of 
church bells; general panic, without damage to buildings.

8. Very strong shock. Fall of chimneys; cracks in the walls of buildings.
9. Extremely strong shock. Partial or total destruction of some buildings.
10. Shock of extreme intensity. Great disaster; ruins; disturbance of the strata, 

fissures in the ground; rock falls from mountains.

Within the United States the same regional arrangement has been 
followed as in the case of Special Publication No. 149 mentioned 
above. In the case of the Pacific coast region, Washington and 
Oregon have for convenience been treated separately from California.

In this report time will be indicated as continuous from 0 to 24 
hours, beginning and ending with midnight.

1 Smithsonian Miscellaneous Collections, 1089. A Catalogue of Earthquakes on the Pacific Coast, 1769- 
1897. Edward S. Holden. Smithsonian Miscellaneous Collections, 1721. Catalogue of Earthquakes on 
the Pacific Coast, 1897-1901. Alexander Q. McAdie.
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All the epicenters indicated in this report are either estimates from 
noninstrumental data or determined from instrumental results. 
When the epicenters are based on instrumental data, a statement to 
that effect is made in each case. As a rule the epicenters based on 
instrumental data represent the mean of the positions determined 
by the Coast and Geodetic Survey and the Central Station of the 
Jesuit Seismological Association cooperating with Science Service. 
When a strong shock is recorded at a number of stations the data are 
wired to Science Service, a scientific news agency, which cooperates 
by paying the cost of messages. Some messages are transmitted by 
Government radio for distant stations such as Manila, Honolulu, and 
Sitka. All messages are immediately transmitted to other organiza 
tions for interpretation. The results are then immediately available 
for publication through Science Service and are broadcasted to 
Europe through cooperation of the United States Weather Bureau and 
the United States Naval Radio Station at Arlington. In some cases 
epicenter data, published at Strasbourg, are incorporated in the epi 
centers published in this report.

EARTHQUAKE ACTIVITY IN THE VARIOUS STATES

Only those States are listed in which earthquakes either occurred or, 
if occurring elsewhere, were felt during the year.
Alabama: Slight shock on June 13.
California: Moderate activity throughout the year. There were eight important 

shocks of which the Whittier shock of July 8, the central California shock of 
November 28, and the northern California shock of December 4 were the 
strongest.

Idaho: One on October 1.
Indiana: One moderately strong on February 14.
Kansas: Considerable activity; five shocks listed. Those of September 20, 

October 21, and December 7 felt over rather large areas.
Louisiana: One on July 28.
Maine: Four listed; that of February 5 fairly strong.
Massachusetts: One on September 16.
Missouri: One on February 26.
Montana: Three listed; that of February 15 fairly strong.
Nevada: One on February 4.
New Hampshire: Shocks on January 14 and February 5.
New York: Three listed; Attica earthquake of August 12 destructive.
Ohio: Rather strong shock on March 8.
Oklahoma: Strong shock on December 27.
South Carolina: Slight shocks on January 3 and October 27.
South Dakota: Strong shock on October 6.
Tennessee: Slight shock on May 12.
Virginia: Moderately strong shock on December 26.
Alaska: One severe shock centered near Fairbanks on January 21; strong sub 

marine shocks occurred on February 26, March 6, May 26, and August 19. 
Minor activity reported from widespread points and several heavy shocks 
located instrumental^ far out in the Aleutians near the one hundred and 
eightieth meridian.

Hawaii: In addition to the usual local activity, earthquakes of major intensity on 
September 25 and October 5 were recorded in all parts of the world.

Porto Rico: Only minor shocks.
Philippine Islands: No shocks of outstanding importance.
Canal Zone: No shocks of importance.
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NORTHEASTERN REGION
[75th meridian or eastern standard timel

January IS: Time not known. Rochester, N. H. Slight.
January 14: 21.45, Rochester, N. H. (43°.3 N., 71°.0 W.). Local shocks.
February 5: 12.10, Weare. N. H. (43°.3 N., 71°.7 W.). Slight shock.
February 6: 14.09 to 14.17, .Western Maine (44°.0 N., 70°.3 W.). Area affected 

2,000 square miles. Windows and dishes rattled at Lewiston, Auburn, and 
Raymond. Felt at Norway, Bryants Pond, and Paris and a few minutes 
later at Gray, Windham, and Brunswick. It seems probable that this was 
one shock, though the reported times varied through 10 minutes.

March 28: 19.00, Calais, Me. (45°.2 N., 67°.3 W.). Local shock.
June 5: 2.00, Malone, N. Y. (44°.8 N., 74°.3 W.). Light shock lasting 30 seconds. 

Dishes rattled. No damage.
August 12: 1.00 to 2.00. Center not known. Reported from Binghamton and 

Little Valley, N. Y., which are far apart. The shock was in the night and 
was not strong. It was probably a preliminary of the stronger shock.

August 12: 3.45, Port Hope, Ontario (44°.0 N., 78°.4 W.). Another preliminary 
shock seems to have been felt in this region at the time given.

August 12: 6.25, Attica earthquake. (See p. 17.)
September 16: 23.45, Holbrook, Mass. (42°.2 N., 71°.0 W.).
October 8: 7.20 Lewiston, Me. (44°.0 N., 70°.2 W.). Two shocks of two seconds 

each 10 minutes apart, both accompanied by low rumble. No damage.
October 8: 19.30, Waterville, Me. (44°.5 N., 69°.5 W.). It is barely possible 

that cooperator with National Research Council erroneously gave p. m. 
instead of a. m. and that this was one of the shocks referred to in last item.

November 18: 15.35, Grand Banks. (See p. 28.)
December 2: 17.14, to December 3, 7.50, Attica, N. Y. (42°.8 N., 78°.3 W.). 

Strong shocks occurred at times given and during intervals between them 
there were seven other shocks recorded on the seismograph at Canisius 
College, Buffalo, N. Y. At Attica dishes were thrown from shelves. Win 
dows rattled and clocks stopped. Like August 12th shock it was more 
noticeable in the eastern part of the city. Preceded by sound like explosion.

December 5: 10.00, Skowhegan, Me. (44°.8 N., 69°.7 W.).

EASTERN REGION
[75th meridian, or eastern standard, time except as otherwise noted]

January 3: 7.05, Sumter, S. C. (33°.9 N., 80°.3 W.). Tremor generally felt in 
all parts of the city. Structures quivered, and windows rattled.

June 13: 8.44 (90th meridian time), Mobile, Ala. (30°.7 N., 88°.0 W.). Felt 
by very few. Swaying in east-west direction.

October 27: 21.15, Due West, S. C. (34°.3 N., 82°.4 W.). Felt by a few. One 
heavy bump followed by trembling. Sound like thunder. Windows rattled.

December 26: 21.56, Charlottesville, Va. (38°.1 N., 78°.5 W.). Shock felt in 
Charlottesville and in various parts of Albemarle County. No damage 
except that in a few cases bricks were shaken from chimneys. Recorded 
on seismograph of University of Virginia as not far distant.

CENTRAL REGION

[90th meridian or central standard time unless otherwise stated]

February 14: 14.12, Princeton, Ind. (38°.3 N., 87°.6 W.). Heavy earth shock 
felt throughout Gibson County, a coal mining region. Shock was very 
abrupt, and people thought that a loaded truck had struck their houses. 
Resembled a mine explosion.

February 26: 2.15, Arcadia, Mo. (37°.6 N., 90°.6 W.). Slight shock with rattling 
noise. 

6
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March 8: 4.06 (75th meridian time), Bellefontaine, Ohio (40°.3 N., 84°.2 W.). 
Full report by St. Louis. Felt from Bellefontaine to the Indiana line. 
Buildings shaken. Furniture shifted. No damage. Generally felt in Cin 
cinnati and at Piqua, Ohio. It is expected that a detailed report on this 
shock will be published by St. Louis University. The probable location 
according to their data was 40° 23' N. and 84° 11' W.

May 12: 21.50, Tiptonville, Tenn. (36°.4 N., 89°.5 W.). A few light bumping 
shocks accompanied by muffled roar lasting about three seconds. No 
damage. Stated to be typical shock for this region. Felt also at Hickman, 
Ky.

July 28: 11.00, Burrwood, La. (29° N., 89°.4 W.). Windows rattled.

42

FIGURE 4. Areas in the United States affected by the Grand Banks earthquake of November 18

August 12: New York earthquake was felt from Ashtabula, Ohio, to central 
Mass.

September 28: 4.00 and 5.00, Kansas (39°.0 N., 96°.6 W.). Two shocks, the 
second the stronger and more generally felt, were experienced at Man 
hattan and Junction City. Houses shook, windows and dishes rattled. 
Felt to this extent over 3,500 square miles. Felt over 15,000 square miles. 
Trembling felt at Wakefield, Wheaton, and Eskridge and towns lying 
within the triangle formed by them. The 5 o'clock shock was slightly felt 
at Concordia and LeRoy. Recorded at Lawrence. Further details from 
St. Louis.

October 6: 6.30, Yankton, S. Dak. (42°.8 N., 97°.4 W.). Slight earthquake woke 
many persons. Deep rumbling resembling distant thunder and windows 
rattling. Some dishes thrown from shelves. Felt around Yankton and at 
Gayville and Volin, about 15 miles to the east.
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October 18: Earthquakes were erroneously reported on account of exceptionally 
large blasts in use of seismic methods in prospecting. Those interested will 
find details in Science for February 14, 1930.

October 21: 15.30, Kansas (39°.2 N., 96°.5 W.). Area about 8,000 square miles 
over which felt, same general region and type as that of September 23, but 
apparently felt over about one-half the area. In Junction City, Man 
hattan, and McFarland abrupt bumping, rattling windows and cooking 
utensils, and other sounds like thunder. Reported from Council Grove, 
Concordia, Chapman, Clay Center, Emmett, Wamego, and St. George. 
Record on seismograph at Lawrence barely discernible.

October 23: Junction City, Kans. (39°.0 N., 96°.8 W.).

FIGURE 5. Areas affected by the shocks of September 23, October 21, December 7, and December 27

November 20: A sharp earth shock reported at Nashville, Tenn., was found by 
Walter F. Pond, State geologist, to have been due to a heavy blast.

November 26: 22.20, Ashland, Kans. (37°.2 N., 99°.7 W.). Shock of intensity 
4 or 5.

December /: 2.02, Kans. (39°.2 N., 96°.5 W.). Felt in central area of shock of 
October 21. Felt over about 1,000 square miles. At Manhattan, buildings 
shook, windows rattled. Many awakened. No damage. At Council 
Grove, beds shook. Felt at Wamego and McFarland.

December 27: 18.30, Okla. (35°.5 N., 98°.0 W.). About 8,000 square miles. A 
shock of sufficient intensity to cause people to rush from their homes in alarm 
was felt at El Reno, Union City, Oklahoma City, and adjacent region. At 
El Reno, walls and floors seemed to sway, objects moved, clocks stopped.
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Some plaster cracked and at least one chimney fell. Persons thought that a 
heavy truck had struck the building in which they were. Generally felt 
that a few more seconds duration would have resulted in serious damage. 
Strongly felt at Piedmont, 22 miles northeast. At Oklahoma City a roar 
was heard. Doors jarred as if someone were trying to enter. Union City, 
buildings rocked. Geary, two shocks a minute apart. Houses shook as 
if struck by a gust of wind. Minco, two shocks. At place 8 miles north, 
plaster cracked in a building. Strong at Okarche. Weatherford, windows 
rattled. Fort Reno, two sharp shocks caused some alarm. Slight at Yukon 
and Hennessy. Shocks were not felt at Chandler, Okemah, Shawnee, 
Okmulgee, Stillwater, Norman, Pauls Valley, Medford, Blackwell, Perry, 
Chickasha, and Clinton. This information makes it possible to outline the 
area with unusual certainty.

114* 112C 110° 108C 106C

46

114 110° 108C 106°

FIGURE G.  Area affected by the shock of February 15

WESTERN MOUNTAIN REGION
[105th meridian or mountain time]

February 15: 20.00, Montana (46°.1 N., 111°.3 W.). Slight earth tremors were 
generally felt over an area of at least 40,000 square miles. No damage, but 
tremor was noticeable in a dozen or more cities which reported that dishes 
rattled and pictures swayed on walls of many houses. The shock was 'felt 
as far north as Great Falls, west toward Missoula, and east of Bozeman and 
Livingston. Three distinct movements were felt northward of Trident 
between Lombard and Toston (a region of considerable activity in the 
June, 1925, earthquake). The shock was noticeable in Helena and Ana 
conda where dishes fell from the shelves. Quite severe at Deer Park. Later 
shocks in central region at 22.30 and 22.40.

May 31: 5.30 and 5.33, Helena, Mont. (46°.5 N., 112°.0 W.). Two shocks at 
time given rattled windows and small articles on dresser. Noted by only a 
few.

June 11: 5.00, Montana (45°.9 N., 111°.3 W.). Two slight shocks felt at Man 
hattan, Three Forks, Bozeman, and other points in Gallatin County.

September 30: 9.15 and 23.30, Montpelier, Idaho. (See October 1; 1.00.)
October 1: 1.00, Montpelier, Idaho (42°.2 N., 111°.2 W.). First trembling. 

Other abrupt. Sounds like heavy van moving about The 23.35 shock 
was not generally felt. East-west swaying and trembling afterwards.
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PACIFIC COAST REGION
[120th meridian or Pacific standard time] 

NOTE All places are in California unless otherwise stated.

February 4 : 7.57, Reno, Nev. Recorded at Reno and estimated within 10 miles.
February 17: 19.25, Santa Rosa. Dishes shaken from tables.
February 28: 23.31 (53° N., 132° W.), submarine. Heavy.
March 2: 17.10, Scotia. Two short shocks. Bumping north-south.
March 10: 19.03, Stockton. Slight.
March 11: 18.18, El Centre. Sharp, 10 seconds duration. Instrumentally

recorded. Epicenter (Wood) near Calexico. 
March IS: 18.28 (instrumental). Stated by Wood that epicenter is probably

near Kern Lake, southwest of Bakersfield. Following data from Wood. 
Chandler's: Not felt in small frame outbuilding (refreshment stand) or in garage

(cement floor); but felt distinctly in main building of hotel; caused some
excitement. Persons at table at the time. Rattled dishes. Nothing upset
or spilled, but a lamp shook so that it was taken down for fear of its falling.
Sounds due to earthquake, none or slight.

Grapevine Station: Rumble heard. Rattled stools at lunch counter. 
Reed's: (Located at crossroad \\y-i miles north of Grapevine.) Barely felt;

not noticed at all. 
San Emigdio Ranch: Very light shake, felt by only a few. The ranch is on hard,

stony soil of an alluvial fan not valley fill. 
Oil lease near Maricopa: On road 4 miles east of Maricopa. Felt distinctly.

Two light shocks a few seconds apart. No damage, nothing upset, no noise.
Ground rolling, edge of valley fill. 

Maricopa: Not felt or heard of (two reports). The town is on hard ground at
the edge of the hills. 

Taft: Not felt or heard of by any of three persons in the office of the Auto Club
of Southern California. Taft is in the hills. 

Oil leases near Taft: Four and seven miles northeast of Taft on the main road
toward Bakersfield. Not felt or heard. Ground (upper end of Buena
Vista Valley): Fairly hard, not quite like the main valley fill. 

Old River: (One mile west of the place). Felt. Shook the dishes (at table).
Creaking and rattling of house (old, poorly constructed). No earthquake
rumble. Ground: Valley fill. 

Panama: Felt. No damage, nothing upset.
East of Panama: One-half mile west of the State highway. Felt;'slight shake. 
State highway: Seven miles north of Reed's. Slight shake. No sounds. Shook

doors slightly. Small 1-story frame house, very light construction. 
Glennville: One abrupt bump. 
Fairmont: One abrupt bump. 
March 18: 15.00, Stockton. Slight.
April 25: 14.00, Eureka. Felt by many. Abrupt bumping. 
May 4' 2.50, Mendota. Slight; no damage.
May 4-' 15.30, Montebello, Humboldt County. Slight, no damage. 
May 4'- 17.10, at Santa Fe pump station near Los Nietos shook asbestos off

steam pipe and large tank groaned. Two shocks 15 minutes apart at
Rivera. Light at Los Angeles, Wilmington, Norwalk, and Santa Fe Springs. 

May 4: 23.35, Los Nietos. Slight. 
May 6: 22.45, Los Nietos. Slight.
May 17: 20.44, One north-south bump at Scotia, felt at Fortuna. 
May 17: 21.34, Los Nietos. Slight. 
May 18: 4.05, Los Nietos. Slight; no damage.
May 23: 15.17, San Francisco, Ferry Building. One quick shock. Light fix 

tures swung through considerable amplitude. Swinging continued for some
time.

May 27: 23.10, Report received from Coalinga. Slight; no damage. 
May 31: 4.52, Niland. Slight; no damage. 
May 31: 16.50, Calipatria. Slight; no damage. 
June 5: 14.27, Dos Cabezas. Slight. 
June 14-' 15.00, Cottonwood power plant. Slight. 
June 23: 14.12, Scotia. Bumping in north-south direction. Crack appeared in

concrete pavement with one side 2 inches higher than the other. Persons
reported seeing poles and lights swinging.
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July 8: 1.29, Santa Barbara. Two slight shocks. Felt at Summerland and 
Gaviota.

July 6: 15.00, Crescent City. Moderate.
July 8: 8.45, Whittier. A moderately severe shock was felt in the region sur 

rounding Los Angeles, within a region bounded by Santa Anna, Riverside, 
Pomona, Pasadena, Burbank, Santa Monica, San Pedro, and Long Beach. 
Damage was done in the suburb of East Whittier, including the caving in of 
a section of wall of a schoolhouse, fortunately unoccupied at the time. Two 
houses were wrecked and several damaged by falling chimneys. The shock 
was felt in the down-town section of Los Angeles, though little damage was 
done. Windows were broken. Pictures and other swinging objects swayed. 
Not generally noticed by persons in the streets. Several buildings in Long 
Beach were rocked, this being especially noticed in a newspaper office and in 
the Spalding Building. Inglewood noted two shocks quite close together, 
severe enough to send people into the streets. Pasadena felt the shock as 
if from a distance. Electric lights swayed. Sawtelle, west of Los Angeles 
did not feel it. At Yorba Linda, three or four shocks generally felt. These 
started as a sharp bump followed by a rocking-swaying motion. Water in 
a water cooler was agitated. There was considerable alarm. Several oil 
wells reported damaged. About 200 aftershocks from this earthquake were 
instrumentally recorded during July.

Wood states that epicenter is in vicinity of East Whittier and that he is pre 
paring a more complete study for publication in the Bulletin of the Seismo- 
logical Society of America. Reports from numerous places received by the 
Coast and Geodetic Survey field station at San Francisco follow:

Dishes broken at Los Neitos and Norwalk. Strong at former where slight shocks 
were felt through 36 hours. At Montebello five other shocks were felt 
during the day, some between 8.00 and 8.30. 2 Fall of brickbats at Clear- 
water. Slight damage at Artesia. Slight shock at Rivera, Alhambra, 
Lancaster, Pomona, and Burbank. No damage at Los Angeles, Huntington 
Beach, Signal Hill, Seal Beach, Van Nuys, Arcadia, San Dimas, Balboa, 
San Juan Capistrano, Pasadena, Monrovia, Montrose, Charter Oak, Arling 
ton, El Modena, and Tajiguas. Not felt at Mecca, Ventura, Sunland, Perris, 
San Fernando, Oxnard, Phelan, Waldemar, Summit, De Luz, Wilsonia, and 
Fairmont City.

July 12: 5.10, Coalinga. Slight.
July 14: 2.43, Lone Pine. No damage. Recorded.
July 15: 17.04, Los Nietos. No damage.
July 16: 13.36, Felt at Los Nietos, Cavieta, Santa Barbara, and Ventura. Felt 

as far as Carpenteria.
July 23: 3.55, Dos Cabezas. Sleepers wakened.
July 24: 12.59, Whittier. Very slight.
July SO: 5.45, Los Nietos. Very slight.
August 2: 2.02, Oakland and Berkeley. This earthquake as indicated on the 

seismograms at the Berkeley station was about 3 miles distant. The earth 
quake reached an intensity of 4-5 on the Rossi-Forel Scale in North Berkeley, 
El Cerrito, and Richmond. Here sleepers were awakened, dishes rattled, 
and some clocks stopped. The earthquake was not felt, according to re 
ports, at La Fayette, Concord, Bodeo, San Rafael, Alameda. One observer 
in San Francisco, near the corner of Page and Baker Streets, was awakened 
by the earthquake.

Comparison of the Lick Observatory seismogram with the field data 
point to the probability of the earthquake having occurred on the Hay ward 
Fault, 2 or 3 miles north of the University of California. However, it may 
have been from some other source close by.

August 28: 10.10, Santa Barbara. Very slight.
September 2: 9.45, Middletown and Calistoga and St. Helena. Slight.
September 8: 10.45, Calistoga. Very slight.
September 8: 21.15, Strong at Naples and west of Santa Barbara. Slight at 

Santa Barbara and Gaviota. Recorded.
September 11: 7.00, Santa Rosa. Slight.
September IS: 5.23, Off the north point of Catalina Island (Wood). Felt at 

San Pedro, Los Angeles, and Long Beach, where it awoke sleepers.
September 14: 21.30, St. Helena. Very slight.
September 15: 19.16, Cayucos. No damage.
September 15: 22.15, Cayucos. No damage.

1 Shocks frcrn 8.47 to 10.35 at Santa Fe pumping station.
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September 24 
September 26 
September 28

9.27, 9.37, and 9.52. A series of slight shocks at Monterey.
12, Mohave Desert, east of Barstow. Felt at Pasadena (Wood).
13.00, Coachella. Very slight.

October 2: 9.35 and 9.38, Brawley and Niland. Slight shocks.
October 2: 9.51, Niland. Slight.
October 5: 12.03, Coalinga and Lighthipe. Very slight.
October 6: 13.14, Coalinga. Very slight.
October 7: 0.00, Coalinga. Very slight.

40'

180° 1X8°

FIGURE 7. Areas affected by the shocks of July 8, Xovcmber 26, November 28, and December 4

October 7: 3.30, Orcutt. Very slight.
October 9: 17.10, slight shock felt Kern River No. 3 and Sand Canyon. Noise

heard at Freeman. Not felt at Vestal substation. 
October 11: 9.55, very slight shock at Coalinga Station A and Station C. 
October 14: 23.57, slight shock at Eureka. Two moderate shocks at Scotia. 
October 15: 14.02, slight shocks felt at Priest Valley and Kettlemen Hills and

very slight shock at Coalinga and Oilfields. 
October 31: 10.54, Scotia. Light.
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October 31: 11.39, in San Pedro Channel (Wood). Strong in hill section of 
San Pedro and Wilmington. Slight at Long Beach, Avalon, Redondo, and 
Los Angeles.

November 4: 9.50, Willits. Slight.
November 5: 2.00, Monterey and Santa Cruz. Slight.
November 6: 9.55, Mocalno and Big Creek. Slight.
November 6: 22.30, Hanford; two slight shocks.
November 8: 18.30, slight at McKittrick, Bitter Water, Coalinga, and A. (X 

Station No. 3, near Coalinga. Recorded.
November 13: 2.40, Mocalno. Slight.
November 15: 6.40, San Pedro. Slight. Located by Wood as under Santa 

Monica Bav.
November 20: 2.30, Mayfield. Slight.
November 20: 14.50, Bitter Water. Slight.
November 2J+: 1.54, slight at Lone Oak, Bitter Water, and Lewis Creek.
November 26: 0.08, an earthquake shook the coast region from Hollister to 

Santa Margarita, and as far east as Mendota. The area of maximum in 
tensity included San Ardo and the district near Bitter Water. In some 
places in the region glassware was reported broken, windows cracked, and 
furniture shifted. Report by Byerly.

November 26: 1.00, Hernandez. Slight.
November 26: 10.06, Bitter Water. Slight.
November 28: 11.49, central California (36°.9 N., 118°.2 W.). Felt in area of 

about 35,000 square miles, roughly triangular with vertices at Mina, Nevada, 
Stockton, and Kernville. The maximum intensity reported was 5 miles 
southeast of Aberdeen and at the headwaters of Goodale Creek some 15 
miles northwest of Independence. At the former place concrete reservoirs- 
were cracked and dishes were broken. In tne latter place a large landslide 
was reported. There is some confusion in the reports, and it is not certain 
whether the landslide occurred on the day of the earthquake or the following 
day. However, as close by as Manzanar, Owenyo, and Lone Pine the 
earthquake was reported not felt, while as far away as Hanford the news 
paper reported pictures thrown from walls. At a point 5Vz miles southeast 
of Aberdeen station, there was a strong shock, then an intermission, then 
another lasting 30 seconds but not so severe. Other minor shocks made 
the length of the entire shock nearly three minutes. Dishes and other 
objects thrown from tables. Concrete reservoir cracked. Chickens fright 
ened. Description by Bverly. Detailed reports obtained through the San 
Francisco field station indicate that there were five heavy shocks at Fresno 
and that there was a severe shock 5M; miles southeast of Aberdeen Station 
on the Southern Pacific. Considerable intensity at Panoche Pass and at Head 
of Goodale Creek. The shock was reported as slight at Jerseydale, Visalia, 
Sanger, El Portal, Snelling, Tipton, Benton, Corcoran, Bishop, Kern River 
No. 3, Big Creek, Carruthers, Oakdale, Big Creek 2-3-8, Clovis, Porterville, 
Mariposa, Sugar Pine, Mocalno, Coachella, Orange Cove, Exeter, Hanford, 
Ivanhoe, Porterville, Academy, Tulare, Corcoran, Kingsburg, Wawona, 
Mount Montgomery, Hollister, Stockton, Shandon, Santa Margarita,. 
Parkfield, Knights Ferry, and Lido; and Mina, Nevada.

November 29: 2.05, El Portal. Slight.
November 29: 12.07, Kaweah. Slight.
November 29: 21.32, slight at Phelan, Colton, Twin Pines, and Santa Ana River 

No. 1 E. Highlands.
November 30: 23.15, slight at Benton and Mocalno.
December 1: 23.00, 5 l/z miles southeast of Aberdeen. Severe.
December 2: 3.24, probably near Ensenada (Wood). Slight at San Diego, though 

generally felt. Small objects displaced or upset. Strong at Jamul, Escondido,. 
and Point Loma.

December 3: 1.05, Chino, three moderate shocks.
December 4: 2-3, Ukiah. Slight.
December 4.: 3.00, San Jacinto. Slight.
December 4: Between 4 and 4.30, northern California coast (40°.5 N., 124°.0 W.). 

One moderate shock, generally felt. Reported as slight from many places, 
probably varied in severity but persons suddenly wakened did not discrimi 
nate. Reported from Arcata, Westport, Alderspoint, Zenia, Capetown, 
Bayside, Scotia, Homes, Bridgeville, Miranda, Blocksburg, McCann, For- 
tuna, Garbersville, Dyerville, Eel Rock, Yager, Fields Landing, Ettersburg, 
Briceland, Beatrice, Eureka, and Forest Glen.
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December 4: 22.45, Willets, slight.
December 4-' 23.40, Hanford, slight.
December 5: 14.00, Cabazon, slight.
December 8: 4.45, 5}4 miles southeast of Aberdeen station, severe.
December 11: 1.15, Watsonville. Instrumentally recorded.
December 20: 20.00, Calipatria, slight.
December 25: 11.29, 11.44, 14.29, vicinity Big Pine. Three distinct shocks.

ALASKA
[150th meridian time, unless otherwise stated!

January 9: 18.15 (165th meridian time), Chernofski Harbor (54° N., 161° W.). 
No details.

January 16: 7.30 (165th meridian time), Chernofski Harbor (54° N., 161° W.). 
No details.

January 17: 19.16, Kodiak Island (58° N., 152° W.}. No details.
January 20: 12.24, Chickaloon (62° N., 148° W.). No details.
January 21: 0.30 to 4.20, Alaska, centering near Fairbanks (65° N., 150° W.) 

area about 200,000 square miles. Shocks lasted nearly four hours, and 
there were additional shocks on the 22d. First shock, the most severe, 
lasted several seconds. Shock seemed to travel southwestward. Beds and 
furniture moved about, awakening every one, and many rushed into the 
streets. Many of the houses are one-story and built of logs, specially devel 
oped for the winter conditions and are especially suited to resist earthquakes. 
Broken windows and displaced articles are about the extent of the damage. 
Heavy rumbling. Shocks felt much more lightly at Anchorage, Cordova, 
Nenana, Tanana, Curry, Eagle, Lignite. Variations in time indicate that 
possibly the same shock was not felt at all of these places.

January 25: 8.00, Valdez. No details.
February 25: 23.00, and February 26, 14.00 (165th meridian time). Felt at False 

Pass. No details. Strong submarine earthquake at 23 h located instru- 
mentally at 54° N., 163° W. Recorded very widely. Second shock probably 
aftershock of this.

March 3: 0.04 (135th meridian time), Sitka (57° N., 136° W.). Two shocks 
about 10 seconds apart. Pictures moved. Dishes rattled. Low rumbling.

March 6: 14.35 (165th meridian time), (51° N., 170° W.). Severe submarine 
earthquake was felt aboard a number of ships at sea and at Dutch Harbor 
in the Aleutian Islands. Two Japanese ships were near the Island of Four 
Mountains. They reported shocks as very severe' and lasting nearly a 
minute. The steamer Shihara Maru reported that strong vibrations caused 
the belief that the ship had struck bottom in latitude 51° 17' N., 171° 16' W. 
The Yokohama Maru felt a strong earthquake in 51° 32' N., 169° 31' W. 
The President Madison felt the shock at 49° 55' N., 165° 03' W.

April 5: 18.50. April 6: 0.33 and 6.05, Matanuska (62° N., 179° W.). Three 
shocks estimated respectively as intensity 4, 5, and 3, Rossi-Forel scale.

May 20: 4.53 (G. M. T.). Severe submarine earthquake at 54° N., 178 ° W. 
(instrumental).

May 26: 15.39 (135th meridian time), (54° N., 137° W.). Heavy submarine 
shock strongly felt throughout the Queen Charlotte Islands. At Masoet, 
north end, houses rocked, people were thrown down, clocks stopped. There 
were heavy landslides at several places. Felt at Hyder at head of Portland 
Canal with sufficient intensity to cause excitement. Shocks continued 
during the two following days, but no details are known.

July 2: 15.53, Anchorage (61° N., 150° W.). No details.
July 3: 19.22, Eagle (64° N., 141° W.). No details.
July 5-7: A series of severe submarine earthquakes occurred at 51° N., 178° W. 

on these dates. For details see list of severe earthquakes. Instrumentally 
determined. No reports from shore or from vessels.

July 17: Another shock of same series. See same list.
August 19: 7.40, Kodiak Island (58° N., 153° W.). At Uzinki men at the sal 

mon cannery wharf were nearly knocked off their feet, and thought a ves 
sel had struck the dock. Buildings creaked and cracked and articles moved. 
Report at the same time without details from Whale Island. The Coast 
and Geodetic Survey steamer Surveyor at Larsen Bay did not observe the 
earthquake. The following day there was a shock at Dry Spruce Bay at 
2.30. The earthquake was probably of volcanic origin, since both Mageek 
and Katmai were observed to be smoking and volcanic dust fell on the 
steamer. Visability was reduced to 2 miles.
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September 17: 8.17 (135th meridian time) (52° N., 135° W.). Submarine earth 
quake off Queen Charlotte Islands. Not reported as felt on land.

September 21: 10.00, Whale Island (58° N., 150° W.). No details.
September 26: 9.15, strong shock a.t Valdez (61° N., 146° W.).
November 11: 20.45 (135th meridian time), epicenter doubtful. Widely felt in 

Panhandle and to north, but nowhere very strongly. At Juneau hanging 
objects swayed. Reported though with times varying from 2,0.35 to 21.15 
from Haines, Skagway. There was a shock at Matanuska at 20.36, but 
owing to distance from other points it is uncertain whether it was the same 
shock. At that place the shock was sharp and apparently northeast-south 
west.

November 26: 15.55 and 16.40, Valdez (61° N., 146° W.). Two shocks. No 
details.

December 17: 10.59 (G. M. T.) (54.5° N., 171° E.). Severe submarine earthquake 
recorded throughout the earth. No report from vessels.

HAWAIIAN ISLANDS
L157H meridian time]

NOTE. In the case of these islands with their many earthquakes of volcanic origin only the more severe 
ones are listed. Reports of the Volcano Research Laboratory under the jurisdiction of the United States 
Geological Survey and the Hawaiian Volcano Research Association give more details. The earthquakes 
of 1929 culminating in the strong shocks of September 25 and October 5 are described in detail by T. A. 
Jagger in The Volcano Letters of November 28 and December 24, 1930.

February 5: 14.25, districts of Kohola, Kona, and Hilo shaken severely. Hilo, 
swaying; people awakened Waiohinu; generally felt. Hamakua, two mod 
erate shocks; moderately loud noise.

September 25: 18.21, walls and buildings fell in Kona district. People badly 
frightened; rushed from homes.

September 28: 7.10, Hilo strongly shaken. Street damaged. Church badly 
cracked and moved on foundations.

September 29: 5.00, another strong shock shook Hilo. Almost continual shocks 
till the most severe, which occurred on October 5.

October 5: 21.21, Holualua. Furniture upset. Water tanks burst. Walls fell, 
house foundations displaced. Waimea, strongest shock in memory of oldest 
inhabitants. Landslide occurred on steep bluff along highway. Clocks 
stopped. Two shocks, first light and second severe. At Hilo dishes fell 
from shelves and people left motion-picture theater; no serious damage. 
Strong at Kilauea. Force 5 Rossi-Forel scale at Lanai City, Maui, and 
fairly strong at Waimanalo, Oahu.

October 22: Holualua very strongly shaken; 36 shocks in less than two hours.

PORTO RICO
[60th meridian time]

October 16: 5.25 and 6.20, San Germain. People generally alarmed. Mayaguez, 
two shocks with east-west oscillation caused alarm. Central Canovanas. 
Rocking motion generally felt.

PHILIPPINE ISLANDS

Earthquakes are completely listed in the Seismological Bulletin of the Philippine 
Weather Bureau. Only earthquake attaining force 7 Rossi-Forel scale was 
on November 17: 3.46 (G. M. T.), Zamboanga.

CORRECTIONS AND ADDITIONS TO PRECEDING ISSUE OF 
UNITED STATES EARTHQUAKES

United States Earthquakes, 1928. H. O. Wood has called attention 
to the following corrections which should be made to published 
reports on seismic activity in the Pacific coast region:
February 28: 19.00. Gildale should be Oildale.
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February 28: 19.25. This certainly was not an earthquake. There is no possi 
bility of a failure to record at Pasadena an earthquake felt at Glendale, 
however light. It was probably an air disturbance due to gunfire. This 
probably applies also to February 28: 19.00.

A case similar to this, also reported from the Bakersfield region as felt 
strongly on January 28, 1930, is known positively to be due to gunfire.

March 19: 20.45. The origin was not near Niland. It was the preceding shock 
on March 19 at 3.50 which originated near Niland.

April S: 4.40. Our seismograms show definitely that the date of the shock is 
April 3. Alien's report must be in error as to date.

July 18: 22.48. The Pacific standard time of this shock was 21.18. The differ 
ence of 1 hour is due to use of mountain time at Yuma (?).

September 5: 6.42. ". . . Pinto Fault at Hill" is a misunderstanding. This 
should read "Pinto Fault (Hill)" or "Pinto Fault named by Hill." How 
ever, further detailed study has shown that this shock probably originated 
a few miles farther to the northwest than the point previously given.

September 2S: The shock at 8.00 originated near the Superstition Mountains; 
those at 9.41 and 9.44 near Calexico.

November 15: 6.43. This shock belongs to 1929 instead of 1928.

THE ATTICA (N. Y.) EARTHQUAKE OF AUGUST 12

The shock occurred at 6 h 24.8 m a. m., eastern standard time, on 
Monday, August 12, 1929. The region of maximum disturbance 
coincides with the epicenter determined from instrumental data, 
about 42° 52' N., 78° 21' W. The maximum intensity was 9, Rossi- 
Forel scale, and the total area affected about 50,000 square miles, 
including a large part of Canada. (See fig. 3, p. 7.) An instru 
mental study of this shock by the Rev. J. S. Joliat, S. J., appears in 
Earthquake Notes, Vol. I, No. 2, a publication of the Eastern Section 
of the Seismological Society of America.

The shock was felt with great severity in the eastern part of the 
city of Attica and the region lying immediately to the eastward. 
In the region immediately to the south, there was less effect on struc 
tures but more on the earth itself as evidenced by the change in 
ground water conditions.

DAMAGE TO STRUCTURES

In Attica 251 house chimneys were thrown down, and very few 
escaped in the section most affected. Several very old chimneys on 
a hotel building failed to fall, since, because of their known weakness, 
they were attached to the roof by a single guy to the north. Walls 
were cracked; one brick building had to have a new wall, and a number 
of brick buildings were damaged. Grocery and drug stores suffered 
loss through damage to stock which was thrown violently from 
shelves. South of the town the Bowman house, an old brick structure, 
was damaged almost beyond repair. This was more likely due to 
structural weakness than to special strength of the shock at this place. 
Curiously the owner carried tornado insurance with an earthquake 
clause and thereby recovered some of the loss.

The damage to house and garage of G. T. Henninger will be de 
scribed as typical of the many cases which can not be discussed, through 
lack of space. The front wall was damaged and pulled away from the 
window. There were cracks in walls on both sides of stairway. The 
furnace pipe connection was snapped off close to the furnace. A 
modern garage of cement block had a large vertical crack through the
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blocks from window to ground in the west wall and a diagonal crack 
following the joints from window to ground in the north wall. The 
wall pulled away from the window.

The Methodist church, which was of excellent construction and 
materials, but of a poor design to resist earthquakes, was so damaged 
that tie-rods had to be used to strengthen the building, it fortunately 
being possible.to place them so they would not show from the audi 
torium. Nearly all the plaster was cracked or thrown down. The 
Presbyterian church, a simpler structure but with a tall square tower, 
was less damaged. The tower was twisted through an appreciable 
angle and considerable of the stuccoed ceiling fell at the corner oppo 
site to the tower, indicating that this part of the building was severely 
wrenched. The Baptist church, a still simpler structure, was scarcely 
damaged. All three churches were within a block.

The Attica High School, a new 3-story brick building of the best 
type of construction, was at first thought to have been damaged, as 
the chimney of the heating plant fell and a diagonal crack appeared 
in one wall. However, it was found that the damage was chiefly con 
fined to plaster cracks, diagonal near north and south end of building 
and vertical in the middle, the cracking being more extensive on the 
third story.

The effects of the earthquake on the Westinghouse automatic 
stoker factory are instructive. The main building is of T shape 
with the upright part of T lying north-south and the crossbar east- 
west, the latter lying to the south. In the north-south portion the 
only damage was a diagonal crack on the east wall and several leaks 
in the roof. Opposite the junction of the portions, three girders were 
pulled from the wall which was badly damaged. Fortunately one 
intermediate girder failed to fall and held up the roof until repairs 
could be made. Otherwise the entire roof would have gone down. 
The obvious explanation is that the motion was north-south. The 
portion of the east-west building to both sides of the north-south 
portion was able to move while the intermediate portion was held 
from moving and the girders therefore pulled away from the support 
ing wall. A tall tank near this building was not damaged though 
wooden framework which held the water column in place was shaken 
loose and fell. The east wall of a brick structure containing molding 
sand was forced out, this being the only north-south wall visibly 
affected, except as before stated. Obviously the sand must have 
been set into motion while the earthquake was in progress, the strain 
on the wall due to the motion making it less able to stand the pressure 
of the sand. There were a number of east-west structures of a single 
story with parapet wall extending several feet above the building. 
In every case the north wall was so damaged that the parapet portion 
had to be replaced. These buildings are of brick with the best con 
struction and walls 13 inches thick. Boring showed a bed of quick 
sand at a depth of 150 feet below the, factory. On an old building 
across the railroad, the north-south walls though very shaky were 
undamaged, while the east-west walls were badly wrecked.

In the Brainerd cemetery, a small cemetery to the east of the town, 
practically every monument went down. Nearly all fell a little to 
the west or south or in the opposite direction, though two made an 
angle of 45° with this direction and one fell at right angles to it. In 
the Forest Hill cemetery to the west of the town, no monuments went
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down though a spherical ornament on one monument was thrown 
down. A number of monuments rotated through a small angle in a 
clockwise direction.

To the westward of the Attica reservoir a number of wells went 
dry and an east-west crack was found in the bottom of one. Deeper 
drilling restored the flow. In the region of the reservoir there was a 
sudden increase of about 1,000,000 gallons per day in a reservoir 
normally holding about 55,000,000 gallons and this without any rain. 
This flow continued for some days.

CHARACTER OF SHOCK AND SOUNDS

One observer stated that there was a terrific vibration followed by 
a loud report, then quiet followed by lesser tremors and a crackling 
sound, as dishes fell from the shelves and pictures and mirrors from 
the walls. Sounds were compared to thunder. Clocks stopped. 
On Horseshoe Lake there was a miniature tidal wave. Very little 
evidence of the shock could be seen in the earth itself as this sort of 
disturbance was below the surface. There was a crack in the rail 
road embankment near the Attica Erie Railroad station but this was 
found to be at the division between an old embankment and a recent 
extension.

SOURCES OF INFORMATION

Reports have been received from about 250 persons who include 
postmasters, observers of the Weather Bureau, and many other 
individuals. Some special investigations have been made by H. O. 
Wardell, curator, Rochester Municipal Museum, and W. M. Dawley 
of Cleveland, Ohio, who was in Attica, N. Y., and made a careful 
investigation of the damage. Many details collected by them are 
not published but may be consulted at the office of the Coast and 
Geodetic Survey. As a whole the reports received were unusually 
accurate and complete. Many excellent newspaper reports were 
received. Leroy Snyder arranged special cooperation of the Gannett 
Newspapers, while Science Service, Washington, D. C., in addition 
to its usual collection and transmission of instrumental results made 
special efforts to secure information.

ABSTRACTS OF NONINSTRUMENTAL REPORTS
NEW YORK 

SHOCKS OP SPECIAL INTENSITY

Batavia: Several house chimneys fell. Some cracks in masonry walls, though 
damage was confined to somewhat deteriorated structures. Small lake in 
vicinity reported to have overflowed highway. Objects of all kinds were 
moved. Thought to be a bomb explosion. Rumbling like thunder. Many 
alarmed. All kinds of animals badly frightened.

Johnsonburg: Bricks fell from chimneys. Stated that creeks and springs in 
creased flow without rain occurring. Water in tub badly disturbed. Build 
ings swayed.

Niagara Falls: This general region seems to have been a secondary center, since 
the shock was more severe than at places between this region and the central 
Attica region. Furniture was displaced. Dishes thrown from tables and 
shelves and pictures from walls. Rattling and roaring with shock. Trem 
bling like vibration caused by very heavy truck.

Norwich: Three or four shocks felt by nearly everyone. East-west direction. 
Strong swaying, gradually decreasing. Buildings creaked. Furniture 
moved. Swinging objects displaced. Noise like heavy thunder.
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Warsaw: Several house chimneys fell, and an old chimney on the electric-light 
plant fell. Wall in Erie Railroad station cracked. Shock was abrupt 
lasting 15 seconds, during which buildings and objects shook. Some 
alarmed.

Wyoming: Several chimneys cracked. Dishes thrown from shelves.

ADDITIONAL REPORTS

Addison: Objects moved.
Akron: Buildings swayed. Sounds like large truck crossing bridge.
Albany: People wakened in some parts of city.
Alden: Table moved back and forth on casters.
Alfred: Dishes on shelves and pictures thrown to floor and broken.
Alma: Rocking motion.
Allentown: Furniture swayed.
Alpine: Two shocks close together. North-south motion.
Ashford: Felt by several. Roaring sound.
Attica: Special.
Auburn: Two shocks. Pictures swayed. People wakened.
Avon: Felt by most. Rumble like heavy truck.
Barker: Slight.
Bath: Generally felt. Two shocks. Pictures tilted.
Belfast: Walls and beds swayed. Rocking east-west. Moderately loud sounds.
Belmont: Light furniture vibrated. Sounds like distant thunder.
Binghamton: Shock between 1 and 3 a. m. Later shock shook windows and

aroused sleepers. 
Bolivar: Slightly felt. 
Bristol Center: Generally felt. Thought that heavy truck was passing. Dishes

moved slightly.
Brockport: East-west swaying. A few delicately balanced objects moved. 
Buffalo: Building swayed in north-south direction. Generally felt. Loose

objects rattled. Sound varied in places from faint hum to sound like truck
going over rough pavement. 

Caledonia: Generally felt. Pictures on walls tilted. Moderately loud rattling.
General alarm. 

Cameron: Trembling.
Canandaigua: Widely felt. Trembling in east-west direction. 
Canastota: Furniture shook. 
Canisteo: Moderate. 
Canton: Slight. 
Carthage: Slight.
Cassadega: Generally felt, lasted 10 seconds. 
Castile: Northeast-southwest swaying. Felt by nearly all. Sound like heavy

passing truck.
Cato: Felt by many. Windows rattled, beds shook. 
Cattaraugus: Felt by most. Trembling and swaying. 
Chambers: Felt by several. Cracking and rattling. 
Chateaugay: Not felt.
Cheektowaga: Dishes broken. Windows rattled. Generally felt. 
Chemung: Felt by several. 
Chestertown: Furniture rattled and swayed.
Cincinnattus: East-west swaying felt by many. A few pendulum clocks stopped. 
Clyde: Felt by many. Rattling. Dishes broken.
Clymer: Generally felt. Hanging objects swayed in east-west direction. 
Conesus Lake: Generally felt. Rocking and swaying. Lake surface not dis 

turbed.
Conewango Valley: Felt by several.
Corning: Three rapid shocks close together. Objects rattled. 
Cuba: Felt by many. Pictures swung. Dishes rattled. 
Cuylerville: Felt in salt mine.
Dale: Goods thrown from shelves. Chimneys thrown down. 
Dalton: Felt by all. Swaying of electric light wires and poles in east-west

direction. Faint roaring.
Danville: Felt by many. Doors and chandeliers swung. Beds moved. 
Dayton: East-west rocking motion. Felt by many. 
Delhi: Slight. 
Deposit: Rapid trembling felt by many.
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Dundee: Generally felt. Hanging objects swayed.
Dunkirk: Slight.
Eagle: North-south swaying noted by a few.
East Bethany: Felt by nearly all. Movable objects displaced. Two walls 

slightly cracked. Building swayed. Sound just before shock like heavy 
object falling.

East Greenwich: Not felt.
East Pembroke: Several shocks noted.
Elma: Felt by many. Water in container moved north-south. Sound like pass 

ing heavy truck.
Elmira: Felt by many. Furniture moved. Poles and trees swayed.
Fillmore: Generally felt. Rumbling like truck in distance. Wires outside and 

electric fixtures inside swayed.
Fort Cpvington: Mirrors and pictures swung on wall. Not felt by all.
Franklinville: North-south rocking. Rattling sounds.
Fulton: Felt by majority. Plaster cracked slightly. Sound like passing truck. 

General alarm.
Geneseo: Felt by many. Swaying north-south. No sounds heard. Top 

broken off chimney.
Geneva: Slight.
Glens Falls: Dishes rattled. Chairs rocked.
Glen wood: Felt by most. Sound like distant thunder.
Gloversville: Felt by those in bed or resting. Not by others.
Gouverneur: Felt by about half. Windows rattled. Sound like racing auto 

mobile motor in the distance.
Greene: Trembling and north-south swaying felt by half; 4-foot light cord 

swung through 6 inches.
Groton: Generally felt. Mirrors swung, doors creaked, beds shook.
Groveland: Felt by many. Objects moved. Roaring like movement of heavy 

truck.
Guilford: Slight.
Hamburg: Felt by many. Sound like passing heavy truck.
Hamilton: Swaying north-south. House shook.
Hancock: Three shocks within 30 seconds. Can thrown from shelf.
Harris: Not felt.
Haverstraw: Not felt.
Hemlock (Rochester water works): North-south swaying generally felt. 

Hanging articles swayed. Rumbling and cracking.
Herkimer: People wakened by swaying of beds.
Hinsdale: Felt by several.
Hoosick Falls. Not felt.
Hornell: Pictures swayed. Articles thrown to floor.
Hudson Falls: Felt.
Hulbertson: Shock lasting 20 seconds generally felt. Rattled doors and windows. 

Moderate rumbling.
Humphrey: Felt by many. East-west swaying. Dishes rattled. Cabinet doors 

opened.
Ilion: Slight.
Ischua: Not felt.
Ithaca: Two shocks three minutes apart. Pictures on walls displaced north- 

south on west wall. Bottles rattled on dressing table. Church bell gave 
single peal. Like passing of heavy truck.

Jamestown: Felt by many. Loose objects rattled. In place near Jamestown, 
beds swayed. Dishes rattled. Large steel bridge vibrated.

Java: Felt by several.
Lacona: Mirrors swayed.
Lake George: Slight.
Lake Placid: Three shocks lasting one-half minute.
Lake View: Felt by many.
Lebanon: Two. shocks close together.
Le Roy: Two shocks. Light objects tipped over.
Liberty: Buildings vibrated.
Lima: Felt by most. Roaring sound just before shock. Dishes and stove lids 

rattled.
Little Falls: Not felt.
Little Valley: Everything shook. Pictures and mirrors thrown askew. Water 

in basin disturbed. Many wakened. Sound like heavy truck. One man 
observed shock between 1 h and 2 h .
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Lockport: Trembling felt by many, accompanied by sound like thunder.
Long Eddy: Not felt.
Lydonville: Felt by all. Rumbling sound like passing truck. Dishes rattled.
Lyons: Felt by nearly all. No sounds. Dishes broken.
Lyons Falls: Felt by many. Slight.
Machias: Felt by many. Dishes rattled. Hanging lights swayed. Roaring 

sound.
Mallory: East-west swaying felt by many.
Malone: Felt by few.
Manchester: Generally felt.
Marion: Felt by many. Bed swayed, windows rattled. Sound like rumble of 

big truck.
Mayville: Felt by few. No sounds.
Media: Felt by everyone. Houses swayed violently and people rushed into the 

street. Nausea in some cases. Sound like large truck.
Medina: Houses rocked for several seconds.
Mendon: Felt by all. Doors rattled. Heavy objects swayed east-west. Mod 

erately loud rattling.
Middleburg: Not felt.
Middleport: Felt by several. Sound faint at first, increasing, then dying away.
Middletown: Not felt.
Naples: Felt by many. Pictures moved on walls. One clock stopped. Moder 

ately loud roar.
Neversink: Not felt.
Newark: People wakened. Shook soot out of factory chimney.
New York: Buildings rocked slightly.
Nichols: Felt by several.
Norfolk: Moderate. Wakened few.
North Collins: Two shocks two minutes apart.
North Hudson: Not felt.
North Salem: Not felt.
Nunda: Felt by all. Roaring sound.
Ogdensburg: Not felt.
Old Forge: Very slight.
Olean: Buildings in business section shook.
Olsen: Felt by many lying down. Not by pedestrians.
Oneida: Beds rocked. Dishes rattled. Pictures swayed.
Oswego: Generally felt. Beds shook.
Owego: Five or six distinct tremors widely felt. Pictures and mirrors moved 

on walls. Beds shook. Low rumble like passing truck. Felt more in 
some parts of town than in others.

Painted Post: East-west swaying felt by many.
Palmyra: Generally felt. Two cracks in wall.
Pavilion: Generally felt. Hanging objects swayed.
Peekskill: Not felt.
Penn Yan: Felt by most. Some loose plaster dropped.
Phelps: Felt by all. Rumbling like loaded truck.
Philadelphia: Not felt.
Pittsford: Generally felt. Dishes displaced on shelves. Moderate rumbling.
Pottersville: Not felt.
Prattsburg: Felt by more than half. Pictures displaced.
Pulaski: Two 2 to 3 second shocks felt by many. North-south direction.
Ransomville: Felt by several.
Raquette Lake: Not felt.
Rexville: Not felt.
Ripley: Felt by many. Moderate.
Rochester: Two shocks about two minutes apart with north-south motion. 

Loose objects rattled. Newspaper shook so that man could not read it. 
Windows shook. Water on Lake Ontario disturbed. Noise compared to 
passing heavy truck. Others thought that a garage had exploded or that 
an airplane was passing unusually low.

Rome: Slight.
Rosiere: Felt by few. Houses swayed.
Rouses Point: Not felt.
Rushville: Felt by several.
Sacketts Harbor: Houses shaken. Dishes rattled.
Salamanca: Felt by several.
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Saratoga: Objects swayed.
Savannah: Felt by several.
Scarsdale: Slight.
Schuyler: Slight.
Scottsville: Up-and-down motion.
Sherburne: East-west swaying. Increasing then decreasing, repeating then dying

out. Electric-light bulbs swung.
Sherman: Two shocks felt by many. Moderately loud rumbling. 
Sinclairville: Felt by many. Loose objects swayed. 
Sodus: Felt by several.
Sodus Point: Felt by all. Like heavy truck moving fast. Pictures displaced. 
South Wales: Felt by several. Beds moved. 
Spencerport: Trembling for 30 seconds felt by all. 
Springville: Hanging objects swayed. 
Stanley: Felt by most. Windows rattled. 
Steambury: Felt by several. Roaring. 
Swain: Felt by many with alarm. Heavy objects swayed. 
Syracuse: East-west swaying felt by all. Objects displaced. Deep rumble. 
Tonawanda: Felt by most. Dishes rattled. 
Trumansburg: Slight. 
Tuscarora: Generally felt. Roaring. 
Utica: Slight. 
Van Buren: Felt by manv. 
Van Etten: Not felt. 
Varysburg: Many chimneys fell. 
Wallace: Felt by many. 
Waneta Lake (locality not known): Shock noted at 1.45 a. m. The later shock

was accompanied by sound like passing of heavy truck. 
Waterloo: Felt by few.
Waterport: Felt by many. Seemed like explosion or blast. 
Watertown: Felt by a few. 
Watkins Glen: Moderate. 
Waverly: Not felt.
Webster: Slight rumble like heavy truck.
Webster Crossing: Felt by several. Buildings trembled. Roar. 
West Bloomfield: Felt by man}'. Doors and windows rattled. Noise like heavily

loaded truck. 
Westdale: Felt by a few. 
West Falls: East-west swaying. Distinct. Fireplace slightly cracked. More

violent than vibration due to heavy truck passing close to building. 
Whitehall: Felt by several.
Whitesville: Felt by several. Bumping and quivering. 
Williamsville: Felt by man}*. Rumble. 
Wolcott: Felt by a few. 
Yonkers: East-west rocking. 
York: Felt by all. Rumble. 
Yorkshire: Felt by nearly all. East-west swaying. Furniture swayed. Dishes

tipped over.
PENNSYLVANIA

Bald Eagle Township, Clinton County: Distinct rocking felt by most. Buildings
shook, beds swayed, wakening people.

Bradford: Felt by many. Houses shook. Windows rattled. 
Brookville: Two shocks felt by several. Sound like thunder. 
Butler and vicinity: Windows rattled. Houses swayed. North-south motion. 
Cabot: Slight. 
Carbondale: Not felt.
Corry: Three shocks felt by many. Pictures swayed. 
Du Bois: Felt by several. 
Emporium: Felt by several. 
Erie: Rapid east-west swaying felt by many. Like shock from explosion. No

disturbance of surface of Lake Erie. Windows broken. 
Franklin: Two shocks, close together. Trembling and swaying felt by many-

Many wakened. 
Hazleton: Not felt.
Honesdale: North-south motion felt by several. 
Laporte: Not felt.
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Lock Haven: Distinct rocking and shaking of buildings felt by most. Beds
swayed. Many wakened.

Marienville: Trembling like some one walking over floor in one house. 
Meadville: Felt by many.
Mercer: Two shocks felt by many. No sound. 
Montrose: Not felt. 
Nanticoke: Not felt. 
New Castle: Felt by all. Beds shook. Windows rattled. Articles thrown

from shelves like an explosion. 
North East: Felt by many. Windows cracked in one cottage and stone wall

in another. Low rumbling. 
Oil City: Felt by many. Beds swayed. 
Pittsburgh: Slight. 
Plainfield: Not felt. 
Punxsutawney: Felt by most. Windows and dishes rattled. Hanging objects

swayed like an explosion. 
Ridgway: Felt by many. Brass bed rattled. 
Sayre: Generally felt. Post-office wall cracked. People wakened. Dishes

rattled.
Smethport: North-south rocking felt by many. 
Tionesta: Generally felt. Described as if house was struck by heavy body.

Dishes rattled. Several reported two shocks. Beds shaken. No sounds. 
Titusville: People wakened. 
Towanda: Felt by several. No sounds. 
Troy: Generally felt. Plate-glass window vibrated. 
Tunkhannock: East-west swaying felt by a few. 
Tyrone: Not felt.
Union City: North-south swaying felt by many.
Warren: North-south rocking felt by many. Everything rattled and vibrated. 
Wellsboro: Slight shock. 
Williamsport: Three shocks followed by trembling felt by most. First shock

shook beds and moved pictures.

CONNECTICUT

Bethel: Northwest-southeast motion felt by a few. House on swampy land.
Vibrations quite different from those of frequently passing trucks. 

Danbury: Felt by many. Beds swayed.
Hartford: East-west swaying felt by many. Buildings shook. Dishes displaced. 
Milford: Not felt.
New Haven: Slight. Pictures and glassware shook. 
Norfolk: Slight. 
Waterbury: Slight. 
Winsted: 'Not felt.

MASSACHUSETTS
Greenfield: Not felt.
Holyoke: Slight.
Northampton: Like passing truck but different. Objects rattled. Reports

indicated possibility of two shocks one hour apart, but investigation seems
to indicate that there was a misunderstanding due to variable application
of daylight saving time. 

Palmer: Not felt. 
Pittsfield: Not felt. 
Springfield: Felt by many. Trembling stated to be more severe than 1925

St. Lawrence Valley shock. Beds shook.

NEW HAMPSHIRE

Claremont: Three shocks felt by several. Objects swayed a little.
Hillsboro: Not felt.
Walpole: Felt by many. Furniture swayed.

VERMONT

Brattleboro: Two shocks close together felt by several. East-west motion. 
Manchester: Pictures swayed. Table moved in east-west direction. Not

generally felt. 
Northfield: Slight. 
Proctor: Not felt.
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Wallingfprd: Two shocks with 5-second interval felt by a few. East-west
motion. Furniture swayed. 

Woodstock: Slight.
NEW JERSEY

Belvidere: Not felt. 
Morristown: Not felt.

OHIO
Ashtabula: People wakened.
Cleveland: North-south swaying.
Conneaut: Two short shocks north-south. No sounds.
Kinsman: Felt by several. Beds swayed.
Madison: Faint.
Painesville: Two shocks a half minute apart, felt by many. Pictures swung 

in east-west direction. Pendulum clock setting east-west stopped, other 
north-south did not. Dishes rattled. Rumble like big truck.

DISTRICT OF COLUMBIA

Washington: Rattling of furniture and trembling of bed felt by one.

MICHIGAN
Lansing: Slight.

MAINE

Portland: Three slight but distinct shocks felt by one.

CANADA

The following is a re'sume' of visual and felt reports received through the 
courtesy of the Dominion Observatory at Ottawa, Canada, relating to the 
Attica, N. Y., earthquake of August 12, 1929. All places are in Ontario unless 
otherwise stated.
Bancroft: A steady tremble with a couple of shocks near the end, lasting nearly 

a minute, with a wave motion. Window shades and curtains swinging 
east-west. House creaked and windows rattled. Series of earth tremblings 
which ended with quite a violent shake.

Barrie: One shock of a few seconds duration wakened observer. Wave motion. 
Windows rattled. Rumblings like heavy train passing.

One shock with a wave motion lasting about two minutes, giving bed a 
swinging motion. Glass on window sill with a spoon in it started tingling. 
Rumbling sound like a tractor in the distance, which lasted about five 
minutes. There were three shocks about 10 seconds duration, rather 
jerky. A vase fell toward the west. Windows rattled. Rumbling like a 
passing train.

Belleville: Two distinct shocks. First about 20 seconds; second longer, probably 
about 30 seconds. Mostly wave motion could be described as short waves, 
one steady but some jerky motion in last shock. Windows rattled slightly, 
also pictures on wall. Slight rumbling.

Brockville: Not felt here or near vicinity.
Chapleau: Not felt.
Cochrane: Not felt.
Collingwood: Not felt.
Cornwall: One person getting out of bed states there were four shocks lasting 

five minutes with a wave motion. Objects swinging east-west. Windows 
rattled.

Cornwall: In second story in bed when shock was felt of two or three seconds, 
duration with a jerky motion.

Glenburnie: In the rural district 7 miles from Kingston, a person dressing in bed 
room felt two shocks of a few seconds' duration. Windows rattled. Low 
rumbling with hissing sounds. A jug on washbasin in bedroom rattled. 
Door rattled on lock on ground floor. Intelligent Scotch Collie dog gave 
sharp yelps as in fear. Sleepers wakened. Mirror on dresser vibrated.

Goderich: Two shocks lasting about a minute with a wave motion.
Grimsby: Shock lasted about 30 seconds, starting with a jerk and closing with a 

slow motion. Slight rumble probably from shaking house.
Haliburton. Shock was felt by one in bed, stating it lasted between 5 and 10 

seconds, having a jerky motion. Another states that there was one long 
vibration lasting about half a minute. Building trembled. Doors and 
windows rattled.
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Kincardine: Shock was of very short duration and felt as if someone had given the 
bed a quick jerk.

Kingston: Shock was felt for a half minute. Rumbling and trembling. Win 
dows rattled. Earth sounds and rumblings.

Lindsay: While walking upstairs from basement, noticed shock lasting about one 
minute with a wave motion. Objects swinging with a north and south 
motion. Creaking, and windows rattled. Rumbling like heavy furniture 
being moved about the floor. Quite a strong wind of less than five minutes' 
duration immediately following earth tremors.

London and 3 miles west: A shock was felt having a jerk}7 motion. Windows 
rattled for about 10 seconds, and objects were observed swinging.

London: Tremor lasted 15 seconds, having a wave motion. Creaking, and 
windows rattling. Pictures shifted on walls.

Maniwaki, Quebec: Not felt.
Midland: One long shock lasting approximately 1}£ minutes shooK bed. Felt by 

several.
Montreal, Quebec: Very slight tremors were felt for a couple of seconds on the 

south shore at points such as Boucherville and Longueuil.
Niagara Falls: One shock felt for about 20 seconds, having a wave motion. 

Windows and dishes rattled, and objects appeared to be swinging. Felt like 
a heavy truck passing the house very fast.

North Bay: Shock first came on with a rumbling noise, then shaking began. 
Observer thought furniture was being moved in attic.

Oakville: There was a steady tremor, lasting about 10 seconds. Double hard 
wood floors seemed to shake. Effect like heavy passing truck, but more 
violent.

Orangeville: The shock here lasted about two minutes, having a wave motion. 
Windows rattled and house shook and trembled. Another person stated 
the shock lasted about a minute.

Oshawa: Two shocks lasting possibly 15 seconds, with north-south motion. 
Plants and ferns were observed swinging with a north-south direction and up 
and down. Mirrors upstairs moved east and west. Windows rattled. 
Rings on furniture swung and rattled. The effect was much the same as a 
very heavily loaded truck passing over a defective railway crossing at a high 
speed, but more accentuated.

Peterboro: Two shocks were noticed which lasted about 10 seconds with a wave 
motion. Mirrors and lights swung. Rumble like heavy truck rolling along 
pavement. Telephone bells rang.

Port Colborne: A shock lasting two or three seconds which seemed to be up-and- 
down motion noticed by one. Chair shook.

Port Hope: Two slight shocks were felt. Shock lasted about three-fourths of a 
minute, having a wave motion. Windows rattled.

Rimouski, Quebec: Not felt.
Roberval, Quebec: Not felt.
St. Catharines: One shock lasted 40 seconds with a wavy motion, which resembled 

that of a heavy freight train passing. Some plaster fell; objects were ob 
served swinging north and south.

Sarnia: Bed springs vibrated for about 12 seconds, 8 seconds of which the vibra 
tion proceeded N-N-W, and later 4 seconds of vibrations seemed directed 
at right angles. Tremor very pronounced. ' Another noticed a shock which 
lasted 3 or 4 seconds with 4 or 5 even throbs. Roof and ceiling rattled. 
Another noted a vertical wavy motion. Sandy soil.

Sault Ste. Marie: Not felt.
Sherbrooke, Quebec: Not felt.
Smith's Falls: Not felt.
Southampton: Not felt.
Stratford: One shock lasting about 30 seconds, having a wavy motion. Earth 

quake was noticed more by people in the northwest section of the city and 
more so by those who were still in bed. Beds shook very noticeably.

Sudbury: Two shocks, one minute, jerky motion.
Three Rivers, Quebec: Not felt.
Vanluk Hill: Two or three slight wavy motions of the bed noted.
Welland: A brief tremor was felt here by one. Windows in bedroom fell down, 

and there was a rumbling sound.
Wiarton: Three or four shocks at intervals of 3 or 4 seconds lasting about same 

time, with a jerky motion. A watch hanging on the bedpost swung east to 
west.
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Windsor: Not felt.
Wooler: Two shocks a minute apart, having a jerky motion. A shaving set 

which was on the dresser fell to the east. One family living near were eating 
breakfast, and the dishes began to rattle in such a manner as to cause alarm; 
and they left their room and went into the open.

Woodstock: Four or five shocks were felt here by one. Shocks lasted about five 
seconds, having a jerky motion. Creaking and windows rattling.

Woodstock: One shock lasting 10 seconds with a swaying motion from north to 
south. Windows rattled. Dishes moved on table. Swaying motion as if 
in a tree during a breeze, distinctly felt. Pictures swayed on wall.

REPORTS FROM CANADIAN NEWSPAPERS

Brampton: Wall paper and plaster were cracked in several places.
Brantford: Felt generally throughout the district as confirmed by phone calls 

from Paris, Simcoe, Port Dover, Waterford, St. Williams, Norwich, Onon- 
daga, and other local points. Dishes arid windows rattled, furniture moved; 
sensation such as is caused by passing of heavy truck. Disturbance accom 
panied by rumbling sound. Noticed by persons in cellar, but very dis 
tinctly felt by persons in bed in upper stories.

Gait: Felt also at Preston and Blair. Windows and dishes in cabinet rattled; 
pictures and mirrors disturbed; several persons wakened by tremor.

Guelph: Reported as mild and of about 15 seconds' duration.
Hamilton: Felt in all parts of the city; more noticeable in upper stories; duration 

variously estimated from 7 to 60 seconds; mostly lateral movement with very 
little up-and-down movement; quake started with dull, deep, rumbling sound 
followed by lateral vibrations which gradually increased and culminated with 
a sharp jolt. One observer at Ancaster near Hamilton noticed tree tops 
shaking in a decided manner although there was no wind at the time. Floors 
creaked; doors and windows rattled; chairs, tables, and beds were observed 
to move.

Kingston: Beds moved, pictures on the walls were disturbed; flowers in vase 
knocked over.

Kitchener: Beds shaksn violently, tremor accompanied by a roaring sound; loose 
plaster shaken from walls and ceiling of St. Peters Church, large picture in 
same church shaken out of place; mirror of dresser observed to swing. 
Steam pipes in a local garage made to vibrate with sufficient intensity to 
make it appear that they were hitting on the wall. Duration of tremors 
from 15 to 20 seconds.

London: Windows rattled, pictures on walls shifted; disturbance was accompanied 
by a rumbling noise which died down after a few seconds only to occur two 
minutes later.

Aylmer: Railroad operator at this point on the Michigan Central Railroad felt 
tremors and communicated with operators both east and west of his station. 
His report is that to the east of Aylmer it was very noticeable, but beyond 
St. Thomas there was very little disturbance.

Niagara Falls: Strong tremor felt at Niagara Falls, also at Chippewa, St. Davids, 
and Queenston. Tremor duration was about one-half minute and was ac 
companied by a jarring'rumble. Windows and dishes were rattled.

Orillia: Two distinct shocks felt, the second being the more severe. Pictures 
were disturbed, and glassware rolled off shelves. Furniture moved on a 
third story in the Y. M. C. A. building. Hardly any person living on the 
hill felt this shock, but it was reported by a great number living near the 
lake.

Oshawa: Felt in all parts of the city but was more pronounced in the north 
section, which is on the hill. Houses rocked; furniture and utensils shaken 
from their positions; dishes rattled. Several people roused by the shaking 
of beds and the rattling of windows. Tremors continued for about one 
minute.

Ottawa: Reported from practically all sections of the city and described by all 
observers as a vibration such as caused by the passing of a heavy truck. 
One observer noticed a can opener which was hanging on a north-south 
wall swinging like a pendulum.

Peterboro: Tremors were of about 10 seconds' duration and were accompanied 
by a rumbling sound. Leaves on trees were oberved to shake as if by 
breeze until after rumble ceased. More pronounced at points south of 
Peterboro as at Millbank and Baihiboro where tremor rattled dishes. Not 
felt at Lakefield, which is only 10 miles north of Peterboro.
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St. Catherines: Windows rattled; created impression that heavy explosion had 
taken place: variously estimated in duration as from one-fourth to \% 
minutes. Campers along the lake assert it was more violent there than in 
city, as also was the case at Port Weller and St. Davids at foot of the 
mountain and along the height of land.

St. Thomas: Felt generally in city and also at Chatham, Port Stanley, and 
Sparta. Duration of 5 to 10 seconds. Windows and dishes rattled, pic 
tures on walls rocked gently. Rumbling sound followed by vibrations 
increasing in intensity and ending with a sharp jolt.

Toronto: Felt throughout city but more particularly by people whose residences 
are located along the various ravines. Tremor was reported as from 10 
to 30 seconds' duration and was accompanied by a rumbling sound. Win 
dows rattled and wall pictures swung and shifted. In one instance a vase 
was thrown from top of piano. Disturbance traveled as waves from east 
to we&t, and two distinct shocks were noted. No report of a disturbance 
in the lake waters.

Woodstock: Tremor of about 15 seconds' duration. Pictures on walls disar 
ranged. Rocking-chairs and kitchen utensils hung on hooks set in motion. 
Marbles left on floor were started rolling around.

THE GRAND BANKS EARTHQUAKE OF NOVEMBER 18

The outstanding features of this submarine shock are described by 
E. A. Hodgson and W. W. Doxee, of the Dominion Observatory, 
Ottawa, Canada, in a paper which was presented before the Eastern 
Section of the Seismological Society of America in May, 1930. The 
paper was a preliminary report and is to be followed by a final one 
which will include all the data collected in the United States, both 
instrumental and noninstrumental. The following statements are 
taken largely from the above report.

The earthquake occurred on November 18 at 20h 31.9m , G. C. T. 
It was recorded by seismographs all over the world. The coordinates 
of the epicenter were provisionally reported by Hodgson and Doxee 
as 44.5° N. lat., 55° W. long. It was generally felt throughout the 
New England States (see fig. 4, p. 8) and that part of Canada lying 
south of the St. Lawrence River and Belle Isle Strait, but damage 
on land resulting directly from earth movements was only of super 
ficial character. A seismic sea wave resulting from displacements of 
the ocean floor caused considerable damage and some loss of life on 
the south coast of Newfoundland.

Twelve Atlantic cables crossing the epicentral region were broken. 
Four of them broke at the time of the shock; the remaining eight 
went out at intervals during the following 13 hours. In each case 
they were broken at several points. There were instances in which 
the same cable broke at points 150 miles apart. These breaks re 
sulted in heavy losses to the cable companies because great lengths of 
cable were either lost entirely or damaged beyond repair.

The nature of the changes in the contour of the ocean floor is 
unknown. Hydrographic surveys were not made in sufficient detail 
before the shock to draw satisfactory conclusions by comparison with 
surveys after the shock. Surveys afterward were made by cable 
ships and by Coast Guard vessels while en route from the interna 
tional ice patrol area and their base at Halifax, Nova Scotia. That 
there was some vertical displacement is indicated with practical cer 
tainty by the generation of the seismic sea wave. The opinion is 
held by many that there were multiple parallel faults extending along 
the prolongation of Cabot Strait. Others believe that submarine 
slides are the destructive factor when multiple cable breaks occur
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over such a wide area. There is undoubtedly some feature of sub 
marine seismic movements which makes a cable peculiarly susceptible 
to damage or destruction in an epicentral region. This is evidenced 
quite frequently in Alaskan waters where cables are put out of com 
mission at times when near-by seismic activity on land is only of 
moderate intensity.

Cable breaks have occurred before in this part of the Atlantic. 
Prof. F. P. Shepard of the University of Illinois has called attention 
to an article by John Milne in the Geographical Journal for 1892 
(vol. 10, pp. 261 and 262) from which the following quotations are 
taken:

The following is a table of North American cable interruptions.
"Near Southeastern slope of the Newfoundland Bank (46° W. and 50° W. 

long.), September, 1887 (about); October 3, 9.15 p. m., 1884; October 4, 4.8 a. m., 
1884; October 4, 4 and 8 a. m., 1884; September, 1889."

A very significant fact is the case when three cables running in parallel lines, 
about 10 miles apart, broke at points nearly opposite to each other on the same 
straight line. This was October 4, 1884.

It will be noted that the breaks of 1884 occurred 350 or 450 miles 
east by south of the Grand Banks epicenter of 1929; that is, on an 
opposite side of the bank.

Seismic sea-wave effects resulting from the Grand Banks earthqauke 
of 1929 were recorded on tide gauges of the Coast and Geodetic 
Survey. Almost equal effects were noted at Ocean City, Md., and 
Atlantic City where changes of approximately nine-tenths of a foot 
were noted. The record at Charleston shows an offset on the tide 
curve lasting about one hour. Whether or not this represents the 
onset of a seismic sea wave is open to question as there is a complete 
absence of oscillatory motion. The following figures are based on 
the assumption that the epicenter was 44.5° north latitude and 55.0° 
west longitude.

I Times of 
1 arrival, 
! 0. C. T.

ft. m. 
Atlantic City, N. J... _. __ ................................... 0 55
Ocean City, Md_. .  ......................................... 0 23
Charleston, S. C __ . ________________ . ______ 2 18

Elapsed 
time

Hours 
4.39
3.85
5.78

Distance 
traveled

Miles 
1,060
1,138
1,570

Approxi 
mate rate 
of travel

Miles per 
hour 

241
299
272

An article discussing in particular the geological features of the 
shock has been prepared by Arthur Keith under the title The Grand 
Banks Earthquake and appears as a supplement to the proceedings 
of the 1930 meeting of the eastern section of the Seismological Society 
of America. In the December 21 number of Nature (London) there 
is an article by J. W. Gregory, entitled "The Earthquake South of 
Newfoundland and Submarine Canyons."

ABSTRACT OF NONINSTRUMENTAL REPORTS
CONNECTICUT

Ansonia: Not felt. 
Bantam: Not felt. 
Bridgeport: Shock felt by several, 

in north-south direction.
Meriden office building shaken perceptibly
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Hartford: Two persons stated building creaked and furniture swayed. Building 
swayed for two minutes like a boat on sea but more gently. Shock seemed 
to come from a little west to northwest. Dresser rocked back and forth. 
Water splashed out of fish bowl, north-south motion. Pendulum clock 
stopped. One clock pendulum was observed to start and stop with motion. 

Abrupt shock felt by person lying on couch. Windows rattled. Water 
in fish bowl and a palm, also chandelier, swayed from north to south; when 
it swayed south the clock would stop and when it swayed north it would 
start again, lasting about 10 minutes.

Middletown: Not felt.
New Britain: One man felt shock and noticed loose objects rattling.
New Haven: Large buildings jarred. In one case employees left the building.
New London: Not felt.
New Milford: Shock felt by several. Abrupt. Doors, glasses in china closet, 

mirrors on small table swayed, and pictures on walls running east and west 
shook north to south.

Norwich: Two shocks of a few minutes interruption. Buildings of poor con 
struction swayed, also hanging fixtures.

Plainfield: Not felt.
Putnam: Swaying felt by two.
Rockville: Not felt.
Stonington: Not felt.
Waterbury: Not felt.
Winsted: Two shocks felt by one. Clock with 8-inch pendulum, direction of 

swing north-south, stopped. One with 22-inch pendulum did not stop.
Woodbury: Windows rattled. Furniture vibrated.

DELAWARE

Claymont: Bed rocked.
MAINE

Alfred: Furniture moved.
Anson: Felt by most. Rattling of loose objects.
Auburn: Trembling and swaying from northwest to southeast felt by nearly all. 

Pictures swayed. Clocks stopped.
Augusta: Felt by a few. Several made ill by swinging of building.
Bangor: Felt by many. Articles thrown on floor. Objects disturbed. Build 

ings swayed.
Bar Harbor: Generally felt. Objects moved slightly. Tide receded very 

rapidly and returned quickly.
Bath: Not felt on rock, but sharply felt on made laud and along bed of old 

watercourse. Houses shook and pictures swayed. Particularly felt in club 
house where loose objects were thrown about. Some loose plaster dropped. 
Heavy gale at time but sound like thunder was heard, evidently due to the 
earthquake.

Belfast: Two shocks felt by several. Sound like auto truck at a distance.
Bethel: Two shocks felt by many. Buildings trembled. Doors swung.
Biddeford: Shock felt by several. Moderately loud rumbling like very heavy 

truck in the distance. Building swayed.
Blaine: Two shocks felt by many. Moderately loud rumbling like a locomotive.
Brownville: Trembling felt by most. Heavy rattling of windows and dishes. 

Swaying of mirrors. Effect like heavy truck or dragging heavy furniture 
across floor. Light shock 15 minutes earlier.

Calais: Vibrations generally felt, like that due to heavy truck. Moderate 
rumbling.

Caribou: Felt by many. Rumbling noise.
Cherryfield: Felt by most. A few vases broken. Sounds described as whistling.
Chesuncook: Felt by several. Sounds resembling thunder.
Eastport: Generally felt. Building trembled, also radiators and bookcases, 

east-west direction. Plaster fell. Objects thrown from shelves. A few 
persons reported two shocks.

Frenchville: Trembling felt by several.
Greenville: Felt by a few. Sounds like thunder.
Grindstone: Trembling felt by a few. Curtains and leaves of plants seen to 

shake.
Hallowell: Building swayed.
Jackman: Two shocks, north-south swaying. Buildings creaked. Suspended 

objects swayed. Children frightened almost to point of leaving school.
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Kennebunk: An observer 65 years old stated that this was the strongest earth 
quake he had felt in New England. Several tremors in succession. Several 
persons felt a shock on the morning of the same day. Buildings strongly 
shaken. Noise like gigantic rapping.

Kittery: Not felt.
Kokadjo: Not felt.
Leeds Junction: Railroad station strongly shaken.
Lincoln: Felt by many. Swinging objects swayed, in north-south direction.
Lubec: Strong shock.
Machias: Felt by most. Moderately loud roaring. In East Machias, east-west 

trembling. Loose objects rattled.
Millinocket: Loose objects rattled. Hanging objects swayed.
Milo: Especially severe. Dishes thrown from shelves. Doors swayed.
Newport: Trembling and steady rumbling noise noted by several.
Oldtown: Trembling or rocking felt by most. Pictures slightly displaced. 

Rumbling increasing then dying away.
Paris: Felt by several.
Northeast Carry: Swaying noted by several, north-south direction. Telephone 

wires swayed.
Norway: Buildings strongly shaken.
Portland: Two distinct shocks in north-south swaying felt by many. Windows 

rattled. Doors slammed. Water slopped over from glass tank. Bridge 
between Portland and South Portland swayed but no damage resulted. 
Some nausea.

Ripogenus Dam: Not felt.
Rockland: Dishes crashed from shelves.
Rockwood: Not felt.
Rumford: Work stopped temporarily at paper mill through frightening of 

employees.
Sanford: Slight.
Seven Islands: Not felt.
Sheridan: Swaying felt by several. Windows rattled.
Skinner: Rapid trembling noticed by a few. Stove and pipes rattled.
South Paris: Windows vibrated so strongly that it was expected that they would 

break.
Springvale: Slight,
Vinal Haven: Two shocks close together, felt by several. Hanging objects 

swayed. Doors and windows rattled.
Waterville: Trembling felt by many. Pictures moved. Vases swayed.

MASSACHUSETTS

Amesbury: Electric light fixtures swayed, chairs rattled. Water splashed from 
goldfish bowl.

Athol: Felt by many. North-south swaying, increasing then dying away. 
Chairs and pictures displaced.

Attleboro: A few houses shook as if a heavy truck was passing.
Barnstable: Trembling felt by many. High course tides followed by earth 

quake.
Brockton: Felt by several. Vases swayed. Telephone pole appeared to sway 

back and forth.
Boston: Felt with special force in high buildings. People in upper floors of 

custom house took the elevators as they were frightened by the swaying. 
One observer on the eighteenth floor estimated that the motion was through 
5 or 6 inches, more than that due to high winds. On twenty-fifth floor doors 
swung and various objects swayed. Water slopped back and forth in jar 
of water cooler. On thirteenth floor several shocks noted in north-south 
direction. Dizziness experienced. Elevator cables swayed. Similar occur 
rences in other high buildings. Sharply felt at state house, where pendulum 
clocks stopped. Shock was accompanied by strong rumbling, like muffled 
explosions in some cases and in others like heavy trucks. Clocks stopped in 
a number of places.

Bourne: Large counter weights on Cape Cod Canal bridge swayed. Four dis 
tinct shocks noted.

Brookline: Furniture rocked. People ran into street.
Cambridge: Radio towers at Harvard University seemed to sway. Chairs 

swayed in northwest-southeast direction. Doors swung.
Danvers: Trembling felt by several.
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Dedham: Felt by many. Houses swayed. Dishes rattled.
East Harwich: Felt by two. Open door swung back and forth.
East Walpole. Person seated in chair noted swaying with dizziness. Electric 

lights went off and on.
Everett: Not felt.
Fall River: Not felt.
Framingham: At least three shocks at l-minute intervals. Swaying south to 

north. Rattling of loose objects.
Gloucester: Not felt.
Greenfield: Several tremors generally felt. Buildings vibrated. Suspended ob 

jects swayed.
Haverhill: Felt by a few. Mirrors and beds swayed.
Holyoke: Swaying felt by many. Breaks in water mains and cracks in cast- 

iron pipes, all lying in northeast-southwest direction, reported. Objects 
moved and light fixtures swayed.

Hyannis: Buildings swayed. People rushed into street.
Lowell: Generally felt. Dishes thrown from shelves and pictures from walls.
Lynn: Employees generally frightened and left factories but soon returned.
Maiden: Pictures shaken violently.
Medford: Slight.
Milford: Not felt.
Nantucket: Felt by many. Slight.
Needham: Objects upset. Man nearly thrown from chair.
Xew Bedford: Swaying. House trembled and jarred as if by heavy truck passing^
Newburyport: Felt by many. Buildings rocked. Pictures shaken from walls. 

Jar like heavy truck passing. Much stronger in outskirts than in center of 
city.

Palmer: Shocks with east-west swaying felt by main". Suspended objects 
swayed. Mild nausea in several cases.

Pittsfield: Not felt- 
Plymouth: Windows rattled. Some alarm.
Provincetown: Continuous trembling for several minutes felt by many. Rum 

bling like heavy truck and sickening sensation.
Quinc3" Slight.
Rockport: Very slight.
Salem: Pictures rattled. Some alarm.
South Wellfleet: Felt by one. Door rattled. Slight vibration of building.
Springfield: Pronounced trembling felt by many. Moderately loud sounds. 

Telephone bells rang. Clocks stopped.
Taunton: Generally felt. Hanging objects swayed. Pictures displaced.
Waltham: Swaying felt by many. Hanging objects swayed. Dishes and pans 

vibrated.
West Roxbury: Houses trembled. Furniture vibrated. Chairs moved.
Williamstown: Not felt.
Worcester: Continuous trembling generally felt, increasing in intensity then 

dying away. Chandeliers swung. Doors rattled. Pictures swung, ap 
parently motion was northeast-southwest.

NEW HAMPSHIRE

Berlin: Trembling of chair and plants noted. Rocking chairs rocked in north 
east-southwest direction. Rattling of loose objects.

Bristol: Trembling and rocking felt by several.
Conway: North-south rocking felt by several.
Exeter: Trembling felt by many.
Farmington: Trembling and shaking felt by several. Buildings swayed slightly.
Franklin: Trembling felt by several. Slight rumbling.
Gorham: Slight east-west rumbling felt by several. Objects trembled.
Greenville: Not felt.
Keene: Shock moderate and not felt by more than half of population. Hanging 

objects swayed. Some alarmed.
Laconia: Felt by many. Sleepers awakened.
Lakeport: Trembling of stove funnel observed. Dishes rattled; a lamp was 

nearly tipped over; and men ran out of a barn, expecting it to fall.
Lancaster: Buildings swayed. Steam radiator on third floor rocked. Generally 

felt.
Meredith: Vibration felt by one.
Nashua: Safe moved.
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North Stratford: Doors swayed and windows rattled. 
Pembroke: Not felt.
Raymond: Chairs swayed, and floor and walls seemed to sway. 
Somersworth: Not felt. 
Stark: Slight trembling felt by a few. 
Wentworth: Not felt.
Wolfeboro: Trembling felt by several. Safe doors rattled.
Woodsville: Furniture moved. Dishes broken. People in upper stories 

frightened.
NEW YORK

Albany: Felt slightly.
Amenia: Not felt.
Binghamton: Felt slightly.
Brooklyn: Couch trembled.
Burlingham: Not felt.
Canton: Slight sound heard by one at time of earthquake. No vibration.
Chateaugay: Not felt.
Cooperstown: Shock not felt in this vicinity, although clock in railroad station

stopped at 15:40 m. 
Dannemora: Not felt. 
Delhi: Felt slightly. 
East Greenwich: Not felt.
Ellenburg: Trembling felt by many. Loose objects rattled. 
Ellenville: Chair swayed, southwest-northeast direction. 
Flushing: Tremors like heavy truck passing. 
Glens Falls. Distinct and persistent east-west swaying. Buildings and furniture

vibrated, and hanging objects swayed. 
Gloversville: Not felt. 
Hamilton: Shock felt by one. Hanging objects swayed. Rocking motion

north-south. 
Hoosick Falls: Not felt. 
Hunter: Not felt. 
Lake George: Not felt. 
Lake Pleasant: Not felt. 
Little Falls: Not felt. 
Milton: Not felt. 
Monticello: Not felt. 
Newburgh: Not felt. 
New York: Paper held by man started to shake, and chair swayed on third floor

of building. Different from vibration due to truck. Bed felt to sway.
Not generally felt. 

Norwich: Felt slightly. 
Peekskill: Not felt. 
Plattsburg: Trembling felt by several. 
Raquette Lake: Not felt. 
Rouses Point: Not felt. 
Saratoga Springs: Continuous trembling and swinging from north to south felt

by many. Lamp and pictures swayed. 
St. George, Staten Island: Floor appeared to vibrate. 
Scarsdale: Slight trembling. 
Schenectady: Felt slightly.
Sherburne: Shock felt by one in central part of village. 
Sidney: Felt slightly.
Troy: Felt slightly. Three rapid shocks felt by one. 
Walton: Felt slightly. 
Whitehall: Not felt. 
Windsor: Felt slightly.

RHODE ISLAND

Block Island: Shock reported here north-northwest-south-southeast. Electric 
lights and pictures swayed. Fishermen reported unaccountable cross motion 
to sea.

Bristol: Not felt here.
Chepachet: Trembling like vibration of electric sewing machine. Radiator 

vibrated. Motion apparently north-south.
Clayville: Not felt.
Coventry: Not felt.
Howard: Not felt.
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Jamestown: Not felt.
Newport: Rocking felt by many either sitting still or lying down, not by others.

Noticed leaves of fern swaying in a north-south direction. 
Providence: Felt at statehouse. Water in cooler rose and fell through an inch.

In other buildings lights swayed. Chairs and pictures moved. 
Westerly: Buildings jarred and stoves rattled. Most people thought a heavy

truck was passing. Radiators vibrated. Safe door swinging back and forth.

VERMONT

Barre: Two distinct shocks 10 minutes apart, first at same time as generally felt.
Bellows Falls: Trembling and swaying with continuous rumbling. Dishes rat 

tled. Not noticed by all.
Bennington: Not felt.
Bethel: Trembling and swaying felt by several.
Burlington: Shocks lasted about two minutes. Linotype machine swayed in 

newspaper office. Buildings creaked.
Danville: Not felt.
Hanford: Felt by several. Building swayed. Some plaster cracked.
High Gate: Felt by one, north-south.
Lyndon: Not felt.
Middlebury: Not felt.
Montgomery: Not felt.
Montpelier: Two shocks felt.
Newport: Two shocks two minutes apart, swaying north-south. Pictures, beds, 

and dishes rattled. Few alarmed.
Northfield: Two shocks close together. Furniture, windows, and doors rattled.
Pawlet: Not felt.
Proctor: Not felt.
Randolph: Lighting fixtures swayed.
St. Albans: Not felt.
St. Johnsbury: At least three shocks in north-south direction. Curtains shook.
Wallingford: Not felt.
Wardsboro: Two shocks about one minute apart. North-south swaying. Tele 

phone and electric light wires swayed.
Waterbury: Two shocks half a minute apart.
Williamstown: Not felt.

INSTRUMENTAL REPORT ON PRINCIPAL EARTHQUAKES
STATION SYMBOLS

APIA Samoa.
BROM \Vest Bromwich, Eng 

land.
Charlottesville, Va. 
Chicago, University of. 
Cincinnati, Ohio. 
Balboa Heights, Canal 

Zone.

CHA 
CHIU 
GIN 
CZB

DEN Denver, Colo.
GEO Georgetown, D. C.
HAR Cambridge, Mass.
HON Honolulu, Hawaii.
MAN Manila, P. I.
MICH Ann Arbor, Mich.
NOR New Orleans, La.
NYF New York (Fordham).

[Greenwich civil time]

OTT
SIT
STL
TUG
VIC

Ottawa, Canada. 
Sitka, Alaska. 
St. Louis, Mo. 
Tucson, Ariz. 
Victoria, B. C.

Date, station, and hour

January IS 

Balboa, Canal Zone:
Oh.. ..........................

l^...... ......................
Charlottesvillc:

Oh..-...--.--......-..    .

Phase

P
S 
L, 

Mi 
F

P 
ePR 2 

iS 
SR. 
SR 2 

L,

Time. Component

North

771. S.
20 43 
30 07 
32 47 
36 07 
30

IS 12 
20 20 
25 03 
30 24 
34.4 
44.0

East

m. s.

15 13 
20 30 
25 03 
30 25 
33 52 
44.0

Provisional epicenters and remarks  

Origin, Oh 03.4m . 
Epicenter, 51° N., 154° E. GEO, 

OTT, NOR, C1N, NYF, STL, 
BROM, HAR.

Slight tremors on E.-W. between 
Oh 23  43- and 1& 30m 0".

1 Provisional epicenters are usually based on the tabulated data and preliminary reports from the addi 
tional stations listed in this column.
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Instrumental report on principal earthquakes Continued

Date, station, and hour Phase
Time. Component

North East
Provisional epicenters and remarks

January IS Continued

Charlottes ville Continued. 
3>>  .. ...-.-_ .. -..

Chicago:

Honolulu:
Oh.....

- 
Sitka:

Oh.

Tucson: 
Oh..

January 17 

Balboa, Canal Zone:

...

Charlottes ville:
llh.........

Chicago:
llh...

13h _.......
Honolulu: 12h.

Tucson:

January %1

Charlottesville:
10h_.______..

iP
PR!

IS
SRi
SRj

L
F

iP
ePRi
iPRi

i
iS

iSR2 
iL 
F

eP
ePRi

iS
iSR

iL
F

iP 
e

iS 
e 
L 
F

P
S 
Li

Mi 
F

eP 
S 
Li 
F

P 
PRi

S
SRi 

L 
F

38

14 39

11 28
13.3

ScPcS
PS
eL

F

P 
PRi

eS 
eSRi

eL
F

P
S

SRi 
L 

iL 
F

14 04

11 33

14 03
18 32
22 56
31.0
35.2
14

56 44
58.0
27

61 33
45
09 14
10
48.0

39 32
46 28
50.2
59.2
55
30

48

54 
55 
01 
04

08.3 
54

54.5 
55.8 
30

21 
50 
05 
17

Origin, llh 45.2 .
Epicenter, 11° N., 64° W. QEO, 

NYF, VIC, HAR, STL. Destruc 
tive in Cumana. Venezuela.

E.-W. record lost.

Nothing on N.-S.

Origin, 10h 30  45'.
Epicenter, 65° N., 150° W. GEO,

HAR, VIC, NYF, STL, MICH,
Felt in Alaska.
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Instrumental report on principal earthquakes Continued

1929

Date, station, and hour

January ^ Continued 

 Chicago:

llh....
Honolulu:

Sitka:

Tucson: 
10 h--

llh.

January

Balboa, Canal Zone: 
20h--...-.-.-.-.

._._..._.

Charlottes ville:

Chicago: 
20h ...

231--...
Honolulu:

20h.___

22h.._. 
Sitka: 21>>_

Tucson:

February & 

Balboa, Canal Zone: O h .

Phase    -     -     ' Provisional epicenters and remarks

eP 
PRi

S
SRi

eSRi
L

iL
eL
F

ePRi
eS

SRi 
L 
F 
e 
L 

iL
eL 

L

P 
ePR

S
eSRi 

eL
F

P
S
Li 

Mi 
F

P
ePRi 

S 
e
Li 
F

P 
eP

S
L

eL
F

iS
iSRi 

iL 
L 
L 
F 
e

Time. C( 

North

m.
38
40
44

s.
43
10
49

47.2 
51.3

. - - 
50

40.8
45.3

51
22
35
35

50

23
53

38
39
44
47
49.8
44

30
10
58
55

jmponent
_ _____

East

m.
38
40

X.
40
12

47.2

51.3
51.8
55.0
50

45

51
22
35
35
36
36
37

38
39
44

49.3
44

49

50

40
53
07
35

31
10
41

39
41
42
55
53.0

42
43
47
49
52
10

iP 
PR,

S
SR;

L 
F

p
S 
L 

M 
F

06
28
05.4
31

42
43
46
48
50
19

40

39
41
42
54
45.0

42.0

42.9
47 50

03
06
28
04.3
49

04 10

Origin, 20 h 36.3 m .
Epicenter, 12° N., 90° W. GEO,

DEN, NOR, STL, NYF, CIN,
OTT, MICH, HAR.

50.3
15

56 00

42 20
43 47
47 03
49.0
50 20
19

Origin, O h 00.5">.
Epicenter, 1° S., 23° W. GEO, OTT, 

STL, MAN, HAR.
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Instrumental report on principal earthquakes Continued

37

Date, station, and hour

February S  Continued

Charlottesville: 
0>>............................

2h.. . .
Chicago:

Oh....................

3h..__._._ ................ ...
Honolulu: 

Oh............................

2i>._ ........ ... ...
Sitka:

Oh

Time. C 
Phase     - 

North

eP 11 00 
iS 19 48 
e 21 00 

jSR, 23 42 
eSR, ..........
iSR 2 26 36 
eSR 2 -----

L, 32 18 
F 51

iP .........
i 13 25 

iS 21 15 
Slli 24 19 

L 29.4 
F 01

ePUi ..........
e 23.9 

SR, ..........
eSRi 40. 0 

L 55. 2 
F 31

PT,
lh_   .._-_..___ . . . V

Tucson:
Oh.................... . .....

3h.. ........ ......

February 5

Honolulu: 
12»._. ......

13h... ........................

February 10 

Balboa, Canal Zone:
15h. .......... ....

36h... . .
Charlottesville:

15h... ............ .

17h-____.._.. .
Chicago:

15h....... .

17h..... ........... ..
Honolulu:

15h... ............. ..

16h

Tucson:
15h__-.. ...... ....

17h... ......

P 13 30 
eSoPcS 23 06 

eSRi 29 24 
L 36 16 
F ; 16

iP ..........
i 55 39 
i 55 49 

L ..........
F 00.0

P 42 12 
S 44 44 
L 46 58 

M 46 58 
F 07. 0

iP i 44 58 . 
S 4<J L'S 

eSUi 52 44 
Li 56 00 
F 13

P 45 10 ' 
PRi 46 00 

S 4<J 49 
L : 52 39 
F 16

iS ..........
S 58 L'6 

eSR 2 05.9 
L ..... .... .
F 30

P 43 50 
L 53. 0 
F 13

omponent 

  - -   Provisional epicenters and remarks 
East

11 
19

25

26 
31.9 
51

11
13 
21 
25 
31.1 
01

22

39 ,

60.9 
31

40.5 
50

13 
23 
28 
41.0 
16

55 
55

56 
00.0

42 
44 
45 
46 
17.0

44 
49 
51 
53 
13

45

49 
51 
16

58

09.0 
30

00
48

36

52

50 
23 
17 
36

41

31

30
17 
52

Local shock. Felt in Hawaiian Is 
lands. HON.

23 
39

07

Origin, 15"> 38.5". 
Epicenter, 13° N., 91° W. GEO, 

STL, OTT, MICII, VIC, HAR.

12 
44 
26 
56

58 
32 
56 
36

13

57 
50

27
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Instrumental report on principal earthquakes Continued

1929

Date, station, and hour

February 15

Charlottesville: 
8"... ....... ..................

9h

Phase

P
S 
L 

M 
F

eP 
e
S 

SRi 
e 
Li
F

Time. Component

North

m. s. 
07 16 
09 26 
10 22 
12 34 
43.0

10 24

15 25

18 26 
22.0 
15

East

771. S.

07 16

11 14

36.0

14 28

17.0

21.8 
15

Provisional epicenters and remarks

Origin, 8h 04.0 . 
Epicenter, 9° N., 87° W. Arc intersec 

tions poor. Possible error of 2° in 
position. QEO, OTT, VIC, STL.

Chicago:

9*".

Tucson

91-.

20h

21 h 
22h 

Chicago:

21 h

Tucson: 

21 h]

ilu: 8i>~.-. ..   .........

i:

February ?t' 

, Canal Zone:

ttesville:

o:

ilu:

ePRi
S 
L 
F

F

P

1

p
S 
L 

M 
F

P
ePRi

iS 
eSRi

SRa 
L
F

iP
PR 2

iS 
SRi

Li 
F1

eSoPcS
PS
SRi 
eLi 

Li
F

11.3 
15 
19 
30

10
15 
19 
39

49
54 
57 
57 
42.0

49
51 
56

59 
01
49

50
53 
58 
02
05 
45

16.2 
26.9

12

42 
33

45
52 
24

02
50 
35 
46

4fi
35 
00

15 
40

47
13 
03
?9
02

15
18
30
43.2
50

10
15
19
39

Origin, 2C h 41.6">.
Epicenter, 8° N., 46° W. Arc inter 

sections poor; epicenter approxi 
mate. QEO, VIC, NYF, OTT,
STL, MAN, BROM;HAR.

Slight tremors on E.-W. from 20h 49" 
03> to 21 h 32"> 00».

50 47

P
S

iSRi
iSR 2

L
F

06.9
10 22
16.2

12

52 47 ! 52 41 
02 22 j 01 35

05 51 
09 02

12 57
17 17
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Instrumental report on principal earthquakes Continued

Date, station, and hour Phase

February %6 

Charlottesville:

 Chicago:

Honolulu:

Sitka: 9". 

Tucson:

March 1 

Charlottesville:

Chicago:

Honolulu:

Sitka:

8h___
Tucson:

7h_._

March 2 

Honolulu: 20 h-.--.-.-

March 3

Chicago: 9 h 

Sitka: 9i>___

iS 
eSRi

eL 
. F

P
iS

SRi 
SR2 
eL
F

S 
eS 
eL
L
F 

eL
F

L 
F

P
S

SRi 
L 
F

SRi 
L
F

P
ePR 

S
eL 
L 
F

iP

eL 
F 

iP
i 

F

Time. Component

North East

23.0
16

12.8

24

26.0
44

09 38
16 39
19 17
20 22
23.0
16

15.0
16.3
12

12
14.3
16.3
12
08.6
45

44 40

47.3
26

eS | 32
eL 33
iL ....
F 15

50
42

37
42
45
47
45

46.7
47. 1
26

32
33
34
15

36
38
40

54 
i 55 
F 58.7

32 54
55
58.7

50

P 08 49 i 08 48
eS 15 05 | 15 06
L ! 18 38 I 18 32
F 10 I 10

47.0
50 36
51 32
43

27

21. 1
21 45
31
04 00
04 06
08.7

Provisional epicenters and remarks

Origin, 9 h 00.7m .
Epicenter, 54° N., 163° W. QEO,

HAR, OTT, NYF, VIC, J*IAN,
STL.

Origin, 7<> 30.6".
Epicenter, 53° N., 132° W. GEO, 

NYF, STL, MICH, HAR.

Local shock in the Hawaiian Islands.

Felt at Sitka, Alaska.

Felt. Sharp record. Time uncertain.
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Instrumental report on principal earthquakes Continued

1929

Date, station, and hour

March 7

Balboa, Canal Zone:

3"...........
Charlottesville:

2"".-. 
5"".... 

Chicago:
I""....

fl""_
Honolulu:

6""  
Sitka: 

I''...
5""   

Tucson:
I"-.-

6)".

March 19

Balboa, Canal Zone: 
20"...............

21"".

Chicago:
20h___
21""...

Honolulu: 21 h. 

Tucson:

March SI

Balboa, Canal Zone: 
2i>_...............

.- 
Charlottesville:

Time. Component;
Phase   - I Provisional epicenters and remarks 

, North East !

P
S 
L 
F

iP
ePRi 
ePR2

iS
eSRi 
iSRj

iL, 
F

iP | 
iPRi I

iS I 
iSRi

Li
F

TO. *. 
47 20 
57 26 
22 00 
17.0

45 03
47 49
48 43
53 36
58.0
59 24
02 56
53

Origin, li> 34.6<».
Epicenter, 51° N., 170° W. QEO, 

VIC, OTT, GIN, DEN, BER, 
NYF, MAN, STL, MICH, BROM, 
HAR, APIA.

15.0

45
47
49
52
57

iP ! 41 
iS 
L 
F

L
F

iP 
iS

iSRi 
i

iL 
F

P
S 
L 
F

P
S

eLi 
Li
F 
S 
L 
F

P 
ePRi

S 
L 
F

iP
ePRi 

eS
eSRi 

Li 
F

41

40

4.3
49
53
55

26

57
59
00
17.0

59
04

06
47

59

03
07
53

39
42
43
06

42

00

09
5'J
(X)
40

22
54
26

57
24

31

27

56
25

55
16?
06

39

01.0
53

43
45
51
55
59
00

! 46 
! 47 
j 40

I 45 
! 06
I

43
49
53
56
57

N.-S. record lost by drift.

Difficult to read because of overlapping 
traces.

No time marks.

Origin, 20h 53.5°-.
Epicenter, 13° N., 90° \V. GEO, 

STL, UAR.

16.5

05 10
06. 1

47 
1 12 
! 23.7 
! 33

43 I Nothing on N.-S.

Origin, 2t> 36.6 .
Epicenter, 13° N., 90° W. GEO,

OTT, STL, NYF, HAR. Felt
in San Salvador.

P I 39 55 39 36
! 42 16? ......
' 43 06 ......

F I 06 06

47
44 00

48 47 46
52 34 51.0
54 36 52 00
54 i 54
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Date, station, and hour

March £1 Continued

Chicago:

Honolulu:

Tucson:

3h_

May 1 

Charlottesville:

18"-. 
Chicago:

16 h

Honolulu:

Tucson: 
15h- 
16'..

May 20 

Charlottesville:

Chicago: 
fib .

Honolulu:

Sitka: 6>>_ 

Tucson:

Phase

P 
PRi

S
SRi 
eL
F

S
eL 
F

P 
PR,

S 
L

Time. Component 

North East

m.
42
43
48
49
53.7
30

s. m.
55 43
41
05 48
34 49

51.2
; 30

, 5fi

42
43
47
51
40

40
36
10
05

05.7
21

42

47
£1
40

s.
20

15
41

14

Provisional epicenters and reiimi ks

Weak record. Not recorded on \ S.

39

13
04

Origin, 15h 37.7 m . 
Epicenter, 41° N., 53° E. VIC, GEO,

e

eLi 
F

PRi
ScPcS

PS
SRi
SR 2
eL
L
F

eSRi 
eL 
F

PRi
PS

g
eL
F

iP
iS 

eSRi 
eLi 
F

P
S 

eSRi
SRi

L 
F

eP 
e 
L 
F

F

P 
PR,
eS

eL
F

01 28

24.1 
12

54 44
01 27 
03 12

28

13.0 
23.5 
00

06 04
19.7
27.1
41.7
1Q

03 38 
12 22 
16 36 
22 00 
56

02 40 
10 34 
14.2

19 37 
04

00.5 
04.8 
06.5 
06 
01.9
26

01 52

09 04 
12 44
14.6 
50

01.5

23.7 
12

54 40
01 25

07 54
12 07
16.4

28

12.6 
26.1 
00

03 38 
12 20 
16.2 
24.0 
56

02 43 
10 34

15 27
19 42 
04

00.5 
05.0 
06.7 
06

01 53 
03 44
09 10

17.0 
50

E.-W. record lost.

Origin, 4>> 53.0 .
Epicenter, 54° N., 178° W. GEO, 
OTT.

E.-W. not operating.
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Instrumental report on principal earthquakes Continued

1929

Date, station, and hour

Mayte 

Charlottegyilie:

26h          
Chicago:

26h                   
Honolulu:

22»         --       

26»    --     -    
Sitka: 22".. ......................

Tucson: 
ye>........ ...................

26"  --    -------

June & 

Honolulu:

22*      ...            -

Tucson: 
2lJ> ... _ ... . -----

22h  -----------------

June 9

Charlottesville: 
9 h

Chicago: 
91'

n^...... .....................
Honolulu: 

y». ..........................

10 1'  .......................

Phase

eP 
ePRi 

eS 
eSRi 

iLi 
F

P 
PRi 

S 
SRi 
eL 
L 
iL 
F

eP 
iPRi

eS 
IS 

eSRi 
iL 
F 
P 

iP 
S 
S

eP 
iP
iS 
iL 
F

iP 
ePRi

iS 
L 

eL
F

P
PRi 

S 
PS 

eSR 
eL 
F

eS 
ePS 
eSRi 

L,
F

P 
PRi
PR2

S 
SRi 
eL
F

eP
iS 

SRi 
L 
F

Time. Component

North

m. ».
47 32 
49 00 
53 28

60 26 
10

46 16 
47 41 
51 29

56.1

33

47 32 
48 59 
53 20

55.6 
55 50 
40 
41 34 
41 40 
42 26 
42 51

47 57

55 33 
02 32

48 

50 49

00 46

15.7 
30

30 59 
34 38 
37 36 
54 00 
49

19 53 
22 50 
24 45 
29 45 
34 51 
38.5 
10

23 37 
27 36 
29 3 
50

East

m. t. 
47 30

53 12 
57 00 
59 50 
10

46 17 
47 39 
51 30 
53 51 
55.3

56 21 
33

47.5 
48 59

53 13

55 32 
40

45 15 
45 29 
50 12 
52 58 
04

47 56 
49.5 
55 31

03.7 
48

50 49 
54 20 
00 47 
02 43 
10.8 
15.8 
30

34 16 
37 44 
50.0 
49

19 53 
22 54 
24 44 
29 42 
34 13 
44.0 
10

16 57 
23 26 
27 31 
29.2 
50

Provisional epicenters and remarks

Origin, 22k 40. lm . 
Epicenter, 51.3° N., 131° W. BROM, 

BER, DEN, STL, NYF, GEO^ 
OTT, MAN, MICH, HAR. Felt 
on Queen Charlotte Islands, British. 
Cdramfcia.

Poorly recorded on N.-S.

Stylus became disconnected on N.-S.. 
E.-W. not operating.

N.-S. record lost.

Origin, 21i>, 3S.5m . 
Epicenter, 41° N., 140° E. QEO, BER, 

STL.

Long waves scaicely visible.

Origin, 9i> 08.1'". 
Epicenter, 46° N., 152° E. OEO 

BER, HAR.
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Date, station, and hour

June 9   Continued

Sitka: 
9^... .........................

lOh... ........................
Tucson: 

9^.. ..........................

llh... ........................

June 13 

Charlottesville:
Oh-    . ........ . ... ......

2h.. ..........................
Chicago: Oh _ __ ....... ... ...

Honolulu: Oh  ....... __ ......

Sitka: 
Oh ...... ........

2b   . .............
Tucson: Oh..... ..................

June 13 

Chicago:
Oh................

lh   .........................
3h.... .............. .. . ...

Honolulu:
Oh............................

2h.._. .............
Tucson: 

O h  ............... ..........

2h. ............. .... ....

June IS 

Charlottesville:
9h.    - ..................... ..

10h.. ............. ............

llh_. ____.. ...................
Chicago:

91--....   ...................

10h

12h.. ....... ..................

Phase

eP 
IS 

eL 
F

P
S 
e 

eL 
F

iS 
i 
e 

eLi 
F 
P 
S

 5P

ePRi
iS 

SR! 
L

eP 
iP 

e
i 

F 
P 
S 

eSR! 
eL

S 
eSR2 

L 
F

iS 
SRi 

L 
F

eP 
S 

eSRi 
eSR2 

L 
eL 
F

ePRi 
ePS 
eSR: 
eSR2 

eL 
F

PRi 
PS 
SRi 
SR2 

L 
F

Time. Component

North

m. s.

19 26 
28 45 
37.0 
38. 5 
01

35 24 
48 58 
54 52 
58 53 
27 
24 19 
34 12

27 54 
29 32 
33.9

27.0

40.9

25 
23 47 
33 05

43.6 

47 35

07.6 
11

41 31

47 30 
58

37 41 
46 43

54 39 

52

45 51

03 21 
08 00 
22 00 
50

45 02 
54 53 
00 09 
06 58 
15 09 
00

East

m. s. 
17 07 
22 43 
25 52 
37

35 22 
48 58 
53.0 
58 00 
27 
24 27 
33 07 
21.3 
23.0 
27 49 
29 50 
33.5

27 12 
44 24 
41 12 
25 
23 43 
33 07 
38 08 
43.8

47 36 
54.8 
01 09 
11

41 26 
44 50 
47 50
58

37 52 
46 40 
49 45 
55.9

59.2 
52

45 52 
56 00 
03 00

14.9 
50

45 18 
54 55 
01 18 
06 09 
14 15 
00

Provisional epicenters and remarks

N.-S. not operating. 

No record on E.-W.

Origin, O h 12.5m . 
Epicenter, 47° N., 153° E. GEO, 

NOR, NYF, OTT, MICH, STL, 
MAN, HAR.

Surface waves lost in beginning of next 
shock. 

Finish lost. in next shock.

Faint record; not well recorded. Time- 
marks lacking; times are all approxi 
mate.

This record overlaps that of next shock.

Origin, Oh 26.1 m . 
Epicenter, 47° N., 153° E. GEO, 

NOR, NYF, OTT, MICH, STL, 
MAN, HAR.

Preliminary phases lost in previous 
quake.

Origin, 9& 24.9«>. 
Epicenter, 13° N., 126° E. NYF, 

OTT, BEE, MICH, STL, MAN, 
HAR.
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Instrumental report on principal earthquakes Continued

1929

Date, station, and hour

June 13  Continued

Honolulu:
9 h

IQh. ..........................
llt>_._-.._ ...................

Sitka:
9h..       ---    -    -    ----

llh.._-~ ....    .....-.......
Tucson:

9t>_- ....---.--...-._..- ....

IQh... ............ ............
llh.. .........................

June 16

Cbarlottesville: 
23 h _. ..--.-.--.-..-....... --..

26t>._. ........................
Chicago: 

23 1>.._. -.__._._ ... ..........

26 h.----.. .......... -.-.-.....
Honolulu: 

22h.--. ......... ............
23h--  ... -.-....-. ........

26t    ......... ............
Sitka: 

23 !>.._. .-...    ----   .... .

24t>__._.  ...... ..   -..-  
Tucson: 

23h. ...._.....--.-. --------

26h. --------------------

June 18

Phase

iP 
iS 

eSRa 
L 

eL 
F

iP
iPS 

L 
eL 
F

?e 
ePRi 

eS 
ePS 
eSRi 

eL 
F

ePRi 
ePS 
iPS 

eSRi 
e 
e 

eL, 
F

PR!

eSoPcS 
eS 
PS 

eSRi 
eL 
F

iP 
PR2 

e 
iS 

eSRi 
eSR2 

L 
eL 
F

iPRi 
PS 

e 
eL 
L 
F

P P' 
PRi 

S 
SRi 

L 
F

eP 
iP

i 
iL
F

Time Component

North

m. 
35 
45 
54.9

s, 
25 
43

00.0 
10

66.7 
00

42 
44 
51 
53 
59 
10.5 
55

08 
18

25 
39 
41 
51 
20

08 
13.4 
16.2 
18 
24.2 
38.2 
25 .-

58

07 
08 
11 
14 
15

05

21.6 
37.6

51

01 
05 
05 
13 
20 
35 
00

02

11.0

49 
21 
47 
39 
25

34 
00

46 
37 
50 
00

09 

09

32

30 
05 
19 
50 
51

1

34 '; 02 ' 

40 
09 
36 
07 1

33

East

/«. 
36 
45

58 

16

37 
48 
00

00

43

53

55 

08

18  z5 
39 
47.0 
52 
20 .

08

15.2 
17 
23.6 
39.0
25

.58 
02 
07 
08

15.0 
05

06 
15

38 
51

05 
05 
13 
19 
35 
00

02 
02 
03 
U3 
11.0

s. 
16 
46

28

40 
30 
32

57

26

32

44 
34 
48

12

08

51

33 
47 
39 
19

26 
24

21

02 
40 
16 
57 
01

40
52 
13
48

Provisional epicenters and remarks

Faint record; not well recorded. Time 
marks missing; times uncertain.

E.-W. riot well recorded.
Weak record in general.

Origin, 22" 47.5 m . 
Epicenter, 41.7° S., 172.2° E. GEO, 

NYF, OTT, BROM, DEN. De 
structive in New Zealand.

Local shook felt in the Hawaiian
Islands.



UNITED STATES EARTHQUAKES, 1929 

Instrumental report on principal earthquakes Continued

45

Date, station, and hour

Junes?

Charlottesville: 
13".    .

16"..- 
Chicago: 

13"...

16".... 
Honolulu:

13".  

Tucson: 
13"..

16".

July 5 

Charlottesville:

17"...
Chicago:

14"...

Honolulu:
14"...

18". 
Sitka: 

14".

15"..
Tucson:

14"..

Phase

17".

i
iS 
e
L, 
F

P
PR,

ePR 2
i
e

iPS
iSRi
eL
iL
F

iP'
iPR,

e
S

PS 
L 
F

eP

ePR, 
ePS 
iSRi

iSRj 
F

eP
iS

P

iS
SRi
SUi

L
F

eP
P

PR,

SR, 
L 
F

eS 
eL

F

eP 
e 

iS
iSRi
eSIli

eL
F

Time. Component

North East

34.5
20

PRs I 32

41.0
21

01 35
06 07
08.5

10.8
15 30
20 39
32. 1

54

06 22
08 33
09.7
15 57
18 48
46.9
49

25 50

29.0
32 10
43

06

35

39
43.5
21

01 32
06 02
07.8
09 41

15 13
20 33
31.7
35 37
54

41.0
49

02 17

32

30 00
38 47
44 57
50.0
53.6
20

29 05

Provisional epicenters and remarks

Origin, 12" 47.9».
Epicenter, 58.5° S., 40.0° W. GEO,

OTT, NYF, VIC, MICH, BER.
STL, MAN. Epicenter quoted
from La Paz.

Beginning lost when changing paper. 
"S" waves of larger amplitude than 
"L" waves.

Finish lost on E.-W.

Most of E.-\V. record lost.

Origin, I4 h 19.1°".
Epicenter, 51° N., 178° W. OTT, Vf i . 

QEO, STL MAN, DE\'.

E.-W. lo?l by overlap.
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Date, station, and hour Phase

Time. Component

North I East
Provisional epicenters and remarks

July 5

Charlottesville: 
22*.  ...

231>...

241>__. 
Chicago:

23h .

241-....
Honolulu:

221-....

251-. 
Sitka: 

22i>_

241-.. 
Tucson:

24i>.

July 6 

Charlottesville:

Chicago:

.____
Honolulu: 

2"".....

Sitka:

Tucson:

July 6 

Charlottesville:

L1 
F

P 
S

SRi
eSRz

eL
L
F

PRi
iS 
eS 
L 
F

ePR 1
eS 
iS 
iL 
eL
F

P 
iS

SRi
eL
F

S
eLi 
F

P
ePRi 

S
eL 
F

P
ePRi 

S
SRi

iL
F

eP
S
L
F

S
eL 
F

eP
iPR

iS
L
F

02.7 
55~"

15

45 34
52 33
55 10
59.0
02

13 49
16.1
21 47
30.5
00

10 49

52

06.0
39

59.4

42 23

09

45
52
56
62.8
02

13 46
15.7
21 47
30.7
00

10 38
11.2
15 40
17 52
18
16
09 13
13 48
17 35
47

12 55
16 07
20 14

51

Origin, 22>> 36.2 .
Epicenter, 51° N., 178° W. OEO, 

VIC, STL.

Origin, 2h 03.7". 
Epicenter, 51° N., 17S° W. 

VIC, STL.
GEO,

Last part of E.-W. record lost.

Origin, 9 h 46. lm
Epicenter, 13°

VIC, STL.
N.. 46° \\. GEO.
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Date, station, and hour

July 8 Continued

Chicago:

Honolulu:

.
Sitka: 

10h .

Tucson: 
9i>... 
10''.-

July 7 

Charlottesville:

Chicago:

251"... 
Honolulu:

Sitka:

251".. 
Tucson:

July 17 

Charlottesville:

10"... 
Chicago:

Phase

P 
PR 2

iS
SRi 
eL
F

eSRi 
e

eL 
F

i

SR 2
eL
F

iP 
iS

eSRi
eSR2

Li
F

P
PR 2 

S
SRi

eSRi
L
F

iP 
iPRi

iS
iSRj 

iL 
F

iP
iS

eL
F

eP 
PR,

iS 
SRi 
SRj 
eL
F

eSR
eSR:

L
F

eL 
F

Time. Component

North East

m. a. \ m. 
51 39 ' 54
.......' 56

17 0101
04
07.9
17

20.0
30.0
44.2
15

56
04
11
15.9
56

14 04
07.4
17

24 43
3§.6
14

47
.........I 50
56 56 55 
45 45

Provisional epicenters and remarks

1133 10 33
36 59 ..........
41 16 41 09
45 00 .........
..........I 45.8
50 11 , 50 53
30 30

29' 

30
35
36
38
50

28
33

32 19 32
34

41 ' 39
13 I 43 23
54 '.........
58 47 33 

i 55

57 58
11 00
17 50
13

48 04
56 11
57 40
05.4
21

58.2
10.0
14 00
13

05.9
21

Time marks missing on both com 
ponents. Times are approximate as 
given.

Weak record. E.-W. not recording.

Nothing on N.-S.

E.-W. record lost.

Origin, 21i> 23.2».
Epicenter, 51° N., 178° W. OTT, 

STL, APIA.

Origin, &* 34.1">.
Epicenter, 51° ,N., 18d' \\. OEO,
OTT, VIC, STL.



48 COAST AND GEODETIC SURVEY

Instrumental report on principal earthquakes Continued

1929

Date, station, and hour Phase
Time. Component

North East
Provisional epicenters and remarks

July 17 Continued 

Honolulu:

10t>_ 
Sitka: 

8t>-

10''. 
Tucson:

August IK 

Charlottesville: ll h ..-

Chicago: llh -

Tucson: 11>>.-  .  

August IB

Charlottesville: 20h --_

Chicago: 20t>. 

Honolulu:

P 
PRi

iS
S

eSRi 
L 
F

eP

iL 
F

eP
g

SRi 
eL 
F

iL 
F

. eb
eLi

F
S

eSRi 
L 
F

eL
21 h _--_- F 

Sitka: 20i> -.   . ......."'.".'.. eS

50.7

Tucson: 20h .

August 17 

Charlottesville: 23i>___

eL 
F 
P

iPRi 
S

eSRi 
e

eL 
iL 
F

iP 
eP
eS
eL,
Li
F

02.1
24

26
26
26
26
27
27
27
27
27
27
27
28
28
33.0
39 14
40.2

06 00

44 54

00

47 19
54 41
58 17
03.0
24

26 06

39 14
40.2
48.0

17 42
28.0

00 ! 10 40
i 29

....! 09 07 

....I 11.7 

...J 14 
56

04

17 45
29.0
22

46 44
51 32
56.6

Origin, lli> 24.8 .
Epicenter, 42° 55' N., 78° 20' W.

(Attica, N. Y.) QEO, OTT, MICH.
STL.

Time marks missing on E.-W.

Origin, 19i> 56.<f°.
Epicenter, 4.5° N., 81.5° \V. KYF. 

OTT, OEO, CZB.

N.-S. record off sheet.

Nothing on N.-S.

Origin, 23 h 40.3-n .
Epicenter, 14° N., 93.i° W DEN, 

STL, GEO.
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Instrumental report on principal earthquakes Continued

Date, station, and hour

August 17  Continued

Chicago: 
23 1

25h_..____. .___.__......__.._.
Sitka: 

23 h __ --..,.--_-.-.-...-..-.. ...
24t.. ..................... ...

Tucson: 
23 h..... ......................

2o'>._.-. _ ----.....-......-..

September 1

September 11

Charlottesville: 
19"..  ....... ...... ....... ..

21>»._. __ ....................
Chicago:

19^.. ......... ................

21^..... ......................
Honolulu:

19^..... ......................

21 h ... ._..---_- _ ............
Sitka: 

19 h  . __ .--....-.-. _ ....

20 h  ......... ........... .
Tucson: 

W... ........................

22t... ........................

September 26

Chicago: 
5A-  ........ ................

6h--.. ...... ........ ........
Honolulu: 

4fc..... __ . _ -.....-----...

6b. ...........................

Phase

iP 
S 

SRi 
L 
F

eS
e 

eL 
F

P
iS 

SRi 
iL 
F

iP 
F

eP 
ePR[ 

eS 
eSRi 

e 
iLi 
F

iP 
iPR[ 

iS 
iSR[ 

L 
F

eP 
ePR[ 

eS 
SRi 
iL 
F

iP 
eP 
iS 
iL 
F

iP 
ePRi 

iS 
e 

eL 
F

iS 
eSRa 

L 
F

JP 
i 

iL 
F

Time Component

North

m. 
46 
51

56 
00

08

55

45 
48 
50 
51 
01

s. 
30 
10

47

20

19 
56 
35 
05

25 
26 
30 
33
36 
37 
47

23 
24 
28

08 
36 
50 
48 
09 
56

50 
49 
56

55

24 
25 
30 
32 
33 
57

19 
20

21

22 
23 
27 
28 
30.2 
25

09 
16 
20 
21

51

52 
20

48 
47 
34 
29 
37

24 
56

49 
30 
12 
29

32 
32 
32

36

09

East

m. 
46 
51 
52 
56 
00

57 
04 
13 
55

45 
49 
50 
50 
01

34 
36

25 
26 
31 
33 
35 
37 
47

23 
24 
28 
30 
32 
55

19

20 
21

22 
23 
27 
27 
30.5 
25

09

21.2
21

51 
52 
52 
20

s. 
30 
16 
37 
23

00 
32 
12

17 
01 
35 
52

36 
24

Os 
34 
00 
42 
56 
05

50 
47 
53 
56 
26

13

39
18

49 
36 
11 
45

31

36 
03
41

Provisional epicenters and remarks

Origin, 8>> 34.6m . 
Felt at Sitka, Alaska. 
Nothing on N.-S.

Origin, 19b 17.1mi 
Epicenter, 52° N., 133° W. QEO, 

NYF, VIC, OTT, DEN, MICH, 
BER.

Not well recorded on N.-S. because of 
overlap.

E.-W. not operating.

Record of another shock superimposed 
on the finish of this.

Origin, 4i> 51.0m . 
Epicenter, 20° N., 157° W. 
Felt in Hawaiian Islands.
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Instrumental report on principal earthquakes Continued

1929

Date, station, and hour

September i6  Continued

Sitka: 
4i>.... ............. ..........
5^....... ................... ..

6^>. ...........................
Tucson:

4b    ...    -...       .....    .
5^....... .....................

&.....-.-. ........ ...........

September 87

Charlottesville: 
&t>........ ...................

24"......... ..................
Chicago: 

23 h ..---_ -. .--.-..-...-.... .

W>..... ......................
Sitka: 23''...  ......  .. ....

Tucson: 
23b....     -       ,-.

24h..__ .......................

October 5

Chicago: 
17"...........................

18b.       ....................

October 6 

Charlottesville:
8b-___...    ...    ...    ...  

10t-._.--_... __ ..........  ...
Chicago: 

8>>-...  ...   ..   .....- .

lOh........... ...... ..........

Phase

P
eS 
L 
F

P
PR!

S 
L 
F

eS 
e 

iL: 
F

P
iS 
L 
F 

eL 
F

eP
i 

eS 
iL 
F

P
eS 
iS 

eL 
P 
iS 
S 
L 
P 

eP 
ePRi 

S 
eSRi 

eL 
P

eP
S 

eSRi 
eLi 
P

P
S 
e 

eSR, 
SRs 

L 
P 

iP

Time Component

North

m. s.

58 
01 
05 
08 
33

27 
27 
31 
14

21 
25 
28 
33

52 
04 
15 
39

00 
56 
40

36 
51 
29

17 
18 
19 
20 
18

11 
20

25.5 
20 
14

20.8 
40 
10 
13 
19

26. 1 
50

02 
11 
16 
23.0 
05

02 
11 
12

17 
21 
32 
52

55 
22 
34 
09

54
58

50

32 
07 
08

52 
38 
00

43 
02 
22

55 
13

!3

East

771.
58 
04 
07 
05

58

05 
08 
33

27

30 
14

21 
25 
28 
33 
37 
58

17 
18 
19 
20
18

11

20 
35.9 
20

14 
19.9 
40 
10

19 
23 
31.0 
51

02 
11

25.0 
05

02 
10

15 
18 
23.5 
32 
52

s. 
34 
02 
56

52

16 
42

15

37

38 
52 
45

09

56 
21 
34 
05

55

52

47' 

33

11 
26

36
38

41 
53

00 
09

12

Provisional epicenters and remarks

Nothing on N.-S.

Origin, 23 >> 15.8m . 
Epicenter, 24° N., 111° W. QEO, 

OTT, DEN, STL.

Origin, 17h 00.2m . 
Epicenter, 54° N., 160° E. QEO, 

OTT, STL, MAN.

Origin, 7h 51 .3m . 
Epicenter, 19° N., 156° W. QEO, 

OTT, MAN. Felt in Hawaiian Is 
lands.

Possible error in time of about 1 minute.

Sharp local shock upset both instru 
ments.
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Instrumental report on principal earthquakes Continued

51

Date, station, and hour Phase
Time. Component

North East
Provisional epicenters and remarks

October 6  Continued

Sitka:

Tucson:

October 19

Chicago:

12I>..._

Honolulu:

Sitka:

Tucson:

November IS 

Charlottesville:

Chicago:

Honolulu:

211-.... 

Sitka: 19>>_

iP 
iPRt

iS
eS

SRi
eSR,

L
F

P 
PR,

eS
eSRi

eL
F

eP
iS

SRi
L
F

eS
ePS

L
F

eL 
F

eP 
P
iS

eL
L
F

ePS 
eSRi 
eSRz

PR
oP.S 

S
PS
SRi
SRz

L
F

P 
PRi

e 
iS 
L 
F

eSRt 
L 
F

37.7

57.7
01

05 27

08 23
11.2
45

59 28
01 23
05 51
09.2
11.5
21

15

08

11 
45

24 
32 
36 
38 
03

39.4 
56.6 
01

38.5 
58.0 
28

23 
23 
32 
40.7

11

22

12

26 
45 
30
58

42 
51 
39

36

00.4?

08 10
01 L...
31
20
22

00.4? 
02 49

E.-W. record lost.

Origin, 10"> 13.0°.
Epicenter, 20.5° S., 72.5° W. QEO,

OTT, NYF, BER, MAN, STL.
Destructive in Chile.

N.-S. record lost.

Practically nothing on N.-W.

Origin, 18>> SO.?"1 .
Epicenter, 8° N., 143° E. NYF, QEO,

OTT, APIA, STL, VIC, MICH,
MAN, HAR.

E.-W. lost by overlap.

Beginning lost in hour marks.

E.-W. record lost.



52 COAST AND GEODETIC SURVEY

Instrumental report on principal earthquakes Continued

1929

Date, station, and hour Phase

Time. Component

North East
Provisional epicenters and remarks

November 17

Charlottesville:

___. 
Chicago:

4k...-

Honolulu:
3k-...

4k.

5k... 
Tucson:

4k.._

November 18

Charlottesville: 
20k.. - ...

21k._.
Chicago:

2Qk...

23k_... 
Honolulu:

20k  .

21k_

22k.. 
Sitka:

20k..
21k..

Tucson:
20k-

23k.

iPRi
ePS
eSRi
eSRz

eLj
F

PS
SRi

eSR2
L
F

eP 
iP 
iS

eSRi
eL
L
F

e
eS 

e
eSRi

eL
F

iS 
F

eP 
iP

i 
iS

P
iS
L

eL
F

eL
F

P
iPRi

iS
eS

e
SRi

eSRs
L
F

34

34.5
00

55 19

04 43
09.2
12.5

10 44
12 17
18 13
29.4

22

12

m.

00

16.7
10

02.7

s.

17 22
22 20
27 00
37.0
64

13 46
20 54
25.8

12 16
18 20
34.3
56

36 06
39.2
39 39
50

12.0
22

Origin, 3h 43.2 .
Manila reports this shock felt in the re 

gion of 8° Nv 126° E. Arcs intersect 
at about 124° E. for distant stations.
MAN.

Origin, 20 h 31  55-.
Epicenter, 44.5° N., 55° W. Provi 

sional epicenter as reported from the 
Dominion Observatory, Ottawa, 
Canada, on the basis of reports from 
32 stations in all parts of the world.

Heavy microseisms mask the record.

E.-W. record lost.
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Date, station, and hour

December 17 

Charlottesville: II*.. ............

Chicago: 
Hi...........................

IB*...  .....................
Honolulu:

lib   ....... .............. ...

14t>_. .....-...._._..._.___.__.
Sitka: 

Hi--.....-....... ............

151--.-...  .................
Tueson:

lib........ ...................

15i>.___. ...__...__...__....___

Phase

iP 
eP 

ePRi 
iPRa

iS 
i 

iL

iP 
IPRj 

iS 
iSRi 
iSRj 

L 
F

P 
PRi

S 
IS 
L 
F

iP 
eP 

e 
iS 

eL 
F

P
eS 
iS 

SRi 
SRs 
eL 
F

Time. Component

North

m. 
09

11 
14 
19 
25 
32

09 
13 
17 
21 
24 
28 
00

06 
07 
12

a. 
53

49 
24 
08 
51 
33

09 
00 
40 
44 
09 
33

17 
48 
10

15.0 
45

05.0 
05 
09 
11.8 
09

08 
16

20 
21 
22 
27

48 
48

27 
26

28 
50 
51

East

m. a.

10 
12 
14 
18 
28 
31

09 
13 
17 
21 
24 
29 
00

06

00 
00 
20 
58 
00 
00

10 
04 
39 
46 
42 
20

16

12 
14 
4f

04 
05

09

09 

08

16 
20 
22 
24 
27

10 
40

39 
20

20

26

38 
22 
29 
32

Provisional epicenters and remarks

Origin, 10* 58.6  ». 
Epicenter. 63° N., 172° E. GEO, 

NYF, NOR, OTT, DEN, STL, 
VIC, MICH, MAN, APIA, BAR. 

Finish lost in changing records.

Sharp shock. Record of large ampli 
tude.
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SUMMARY OF INSTRUMENTAL RESULTS

1929

Date, 1929

Jan. 13       
Jan. 17... ..... ..........
Jan. 21        
Jan. 24      .... ...
Feb. 2..    ___    ....
Feb. 5..   . .  
Feb. 10..         .
Feb. 15  _       .
Feb. 22..... ............
Feb. 26... ...... ........
Mar. l.... ..............
Mar. 2.. ______ . _
Mar. 3......  .... ... ..
Mar. 7....       ...
Mar. 19 .. ______
Mar. 21 .................
May 1..^ ...         .
May 20  . ...   ....  
May 26.......   .... .
June 2 ..................
June 9 ....    ........

June 13 .    .  .

JulyS...      
Julys...-.   ... _
July 6..   ... .... ....
July6.___.. ...    ..
July?         
July 17..  ... ...... ...
Aug. 12  .... _
Aug. 15 ..... __ .....
Aug. 17.  ...     ...
Sept. 1           
Sept. 17.-....    ...
Sept. 26   ... ... ... ..
Sept. 27        ...
Oct. 5.     ... ... ... .
Oct. 6--. .   ..
Oct. 19      
Nov. 15.  .. _____
Nov. 17..       ...
Nov. 18- __ .       
Dec. 17     .... _  

Q. C. time 
of origin

ft. m. 
0 03.4

11 45.2
10 30.8
20 36.3
0 00.5

15 38.5
8 04.0

20 41.6
9 00.7
7 30.6

20 54.5
9 04.0
1 34.6

20 53.5
2 36.6

15 37.7
4 53.0

22 40.1
21 38.5
9 08.1
0 12.5
0 26.1
9 24.9

22 47.5
20 02.5
12 47.9
14 19.1
22 36.2
2 03.7
9 46.1

21 23.2
8 34.1

11 24.8
19 56.0
23 40.3

8 34.6
19 17.1
4 51.0

23 15.8
17 00.2
7 51.3

10 13.0
18 50.7
3 43.2

20 31.9
10 58.6

Region

Alaska..                   

Pacific Ocean.. _______________  

Persia...... __________________ ..

Pacific Ocean....... _____________ ..

Pacific Ocean..... _______________ .,

Attica, N. Y        _             .

Provisional epi 
center (degrees)

51 N., 154 E.
UN., 64 W.
65 N., 150 W.
12N..90W.
1 S., 23 W.
0)
13 N., 91 W.
9 N., 87 W.
8 N., 46 W.
54 N., 163 W.
53 N., 132 W.
(*)
(>)
51N..170W.
13 N., 90 W.
13 N., 90 W.
41 N., 53 E.
54 N., 178 W.
51.3 N., 131 W.
41 N., 140 E.
46 N., 152 E.
47 N., 153 E.
47 N., 153 E.
13 N., 126 E.
41.7 S., 172.2 E.
(2)
58.5 S., 40 W.
51 N., 178 W.
51 N., 178 W.
51 N., 178 W.
13 N., 46 W.
51 N., 178 W.
51 N., 180
42.9 N., 78.3 W.
4.5 N., 81.5 W.
14 N., 98.5 W.
(3)
52 N., 133 W.
20 N., 157 W.
24 N., Ill W.
54 N., 160 E.
19 N., 156 W.
20.5 S., 72.5 W.
8 N., 143 E.
8N., 126 E.
44.5 N., 55 W.
53 N., 172 E.

Felt in Hawaii. 2 Local shock. »Felt at Sitka.
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MISCELLANEOUS SEISMOLOGICAL ACTIVITY

GEODETIC WORK

During the months January to April, 1929, an arc of first-order 
triangulation was extended from the California coast in the vicinity of 
Newport Beach northeastward to Lucerne Valley, the reconnaissance 
and signal building haying been done in November and December, 
1928. Numerous stations were established with second-order ac 
curacy along the various fault lines crossed by this arc of triangulation. 
In July, August, and September, 1929, a base was measured at 
Lucerne Valley and the triangulation was extended northward to a 
connection with the thirty-fifth parallel arc of triangulation.

In October, November, and December, 1929, work was started on 
a similar arc of triangulation extending northeast from Point Reyes. 
The reconnaissance and signal building were completed and a few 
stations were occupied, but it became necessary to stop work because 
of unfavorable weather conditions. Observations were resumed in 
May, 1930. This triangulation consists of a first-order arc with many 
second-order stations located in the vicinity of the fault lines.

HYDROGRAPHIC WORK

After the Grand Banks earthquake of November 18, 1929, Coast 
Guard vessels on ice patrol duty in that region made observations 
with sonic depth finders to locate, if possible, any outstanding changes 
in the ocean bottom.

Vessels of the Coast and Geodetic Survey are directed to make 
reports of visible or felt effects of earthquakes, but no reports were 
received for the period covered by this report.

TIDAL OBSERVATIONS

The only tidal disturbances recorded on the gauges of the Coast 
and Geodetic Survey occurred at the time of the Grand Banks earth 
quake. A brief summary of the results appears in this publication 
under The Grand Banks Earthquake of November 18. (See p. 29.)
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UNITED STATES EARTHQUAKES, 1930

INTRODUCTION

This publication includes earthquakes of regions under the juris 
diction of the United States, though in the case of the Hawaiian and 
the Philippine Islands earthquakes of volcanic origin are not included 
and only severe earthquakes are included in the case of the Philip 
pine Islands since reports are published in Manila. Earthquakes 
adjacent to the United States and felt within its borders or those in 
the regions under its jurisdiction are described except that, in the case 
of the Canadian earthquakes felt within the United States, a general 
description only is given, as details are given in the Canadian report. 
As a reciprocal arrangement United States earthquakes felt in Canada 
are published in detail in this report. The principal earthquakes 
of the year which were very widely recorded are given regardless of 
location, and instrumental details for these are included.

It has been decided not to give individual credit for information by 
individuals. In omitting this the bureau wishes to express its appre 
ciation to the various organizations and individuals who have made 
it possible to prepare descriptions of the earthquakes of this country 
with a completeness and accuracy that has never before been possible. 
The principal sources of information are as follows:

United States Weather Bureau.
Division of geology and geography of the National Research Council, Arthur 

Keith, chairman.
Central office of the Jesuit Seismological Association at St. Louis, Mo.
The San Francisco field station of the Coast and Geodetic Survey, cooperating 

with the Seismological Laboratory of the Carnegie Institution and California 
Institute of Technology (H. O. Wood, research associate, in charge), University- 
of California (Perry Byerly in charge of the Seismological station), and Stanford 
University. These persons are responsible for instrumental determination of 
epicenters in California when given. Among the commercial agencies in this 
section there are a number of cooperators, including the Pacific Telephone & 
Telegraph Co., Great Western Power Co., National Board of Fire Underwriters, 
Southern California Telephone Co., Standard Oil Co. of California, Associated 
Oil Co., Southern Pacific Eailroad, San Diego & Arizona Railway Co., Associated 
Factory Mutual Fire Insurance Cos., and Clay Products Institute of California; 
also a large number of other organizations and individuals.

Press dispatches (received through the courtesy of Georgetown University).
Telegraphic reports collected by Science Service. This cooperative service 

was inaugurated in 1925.
Reports from individuals.
Bulletin Seismological Society of America, 1930.

As a number of organizations are actively interested in the collec 
tion of noninstrumental data, a plan was adopted whereby each organi 
zation will undertake to cover a specified territory, thus avoiding 
needless overlapping of effort. This work will be in addition to that 
now carried on by other agencies such as the Weather Bureau and is 
intended to cover the special investigation of earthquake areas. The
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eastern half of the United States, except the central Mississippi 
Valley region, is covered by the division of geology and geography of 
the National Research Council. The central Mississippi Valley region 
is under the central office of the Jesuit Seismological Association at St. 
Louis. The Washington office of the Coast and Geodetic Survey 
covers the greater part of the western half of the country, while its 
field station at San Francisco serves as a central station for the vari 
ous information services now being effectively organized in Cali 
fornia. In addition the Coast and Geodetic Survey sends out ques 
tionnaires and makes field investigations, if necessary, in any part of 
the United States in case of an earthquake of wide extent.

The period up to 1927 for the United States is covered for all except 
minor earthquakes by Special Publication No. 149 of this bureau, 
Earthquake History of the United States Exclusive of the Pacific 
Region, and by several publications for the Pacific region. These 
include the Holden and McAdie catalogues 1 and a forthcoming pub 
lication of the Seismological Society of America which will extend 
the record through 1927. The period from 1928 on is covered by the 
series to which the present publication belongs.

It will be noted that the appraisal of intensities has not generally 
been made. Since isoseismal maps appear which are based on inten 
sities, the Rossi-Forel scale (which will be used until there is general 
sentiment for the adoption of a more precise scale) is given below in 
abbreviated form:

ROSSI-FOREL SCALE OF INTENSITIES

1. Microseismic shock. Recorded by a single seismograph or by seismographs 
of the same model, but not by several seismographs of different kinds; the shock 
felt by an experienced observer.

2. Extremely feeble shock. Recorded by several seismographs of different kinds; 
felt by a small number of persons at rest.

3. Very feeble shock. Felt by several persons at rest; strong enough for the 
direction or duration to be appreciable.

4. Feeble shock. Felt by persons in motion; disturbance of movable objects, 
doors, windows; cracking of ceilings.

5. Shock of moderate intensity. Felt generally by everyone; disturbance of 
furniture, beds, etc.; ringing of some bells.

6. Fairly strong shock. General awakening of those asleep; general ringing of 
bells; oscillation of chandeliers; stopping of clocks; visible agitation of trees and 
shrubs; some startled persons leaving their dwellings.

7. Strong shock. Overthrow of movable objects; fall of plaster; ringing of 
church bells; general panic, without damage to buildings.

8. Very strong shock. Fall of chimneys; cracks in the walls of buildings.
9. Extremely strong shock. Partial or total destruction of some buildings.
10.   Shock of extreme intensity. Great disaster; ruins; disturbance of the strata, 

fissures in the ground; rock falls from mountains.

Within the United States the same regional arrangement has been 
followed as in the case of Special Publication No. 149 mentioned 
above. In the case of the Pacific coast region, Washington and 
Oregon have for convenience been treated separately from California.

In this report time will be indicated as continuous from 0 to 24 
hours, beginning and ending with midnight.

All the epicenters indicated in this report are either estimates from 
noninstrumental data or determined from instrumental results.

i Smithsonian Miscellaneous Collections, 1089. A Catalogue of Earthquakes on the Pacific Coast, 
176SM897. Edward S. Holden. Smithsonian Miscellaneous Collections, 1721. Catalogue of Earth 
quakes on the Pacific Coast, 1897-1901. Alexander O. McAdie.
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When the epicenters are based on instrumental data, a statement to 
that effect is made in each case. As a rule the epicenters based on 
instrumental data represent the mean of the positions determined 
by the Coast and Geodetic Survey and the central station of the 
Jesuit Seismological Association cooperating with Science Service. 
When a strong shock is recorded at a number of stations the data are 
wired to Science Service, a scientific news agency, which cooperates 
by paying the cost of messages. Some messages are transmitted by 
Government radio for distant stations such as Manila, Honolulu, and 
Sitka. All messages are immediately transmitted to other organiza 
tions for interpretation. The results are then immediately available 
for publication through Science Service and are broadcasted to Europe 
through cooperation of the United States Weather Bureau and the 
United States Naval Radio Station at Arlington. In some cases 
epicenter data, published at Strasbourg, and occasionally from other 
stations, are incorporated in the epicenters published in this report.

EARTHQUAKE ACTIVITY IN THE VARIOUS STATES

Only those States are listed in which earthquakes either occurred 
or, if occurring elsewhere, were felt during the year.
Alabama: Shocks on December 1. Possibly not seismic.
Arizona: Only minor shocks. Several Imperial Valley, Calif., shocks felt.
Arkansas: Moderate shocks on January 26, February 18, and March 6. The last 

shock was ^he strongest.
California: Considerable activity but no major shocks. The principal shocks 

occurred on January 15, February 11, 25, March 1, April 9, 19, August 5, 30, 
September 22, December 11: Three in the Imperial Valley (two of which 
were of force VIII over a small area), one centering near Venice (maximum 
intensity VII), one centering near Ventura (force VII), one in San Fran 
cisco Bay (maximum intensity V). A shock felt chiefly in California centered 
west of Lake Tahoe and two in vicinity of Cape Mendocino with maxi 
mum intensity of VI. Other activity was chiefly fore and after shocks of 
these and scattered activity.

Florida: Moderate shock of July 14. Possibly not seismic.
Idaho: Several shocks in Montana and Wyoming were felt in Idaho.
Illinois: Two moderate shocks, that of August 29 the stronger.
Kentucky: Shock of August 29 felt in western Kentucky.
Louisiana: Shock of maximum intensity VII felt on October 19.
Maine: Three light shocks.
Maryland: One feeble shock.
Massachusetts: Two shocks of moderate intensity. That of July 31 felt over a 

considerable area.
Michigan: One slight shock.
Missouri: Four moderate shocks.
Montana: Five shocks. That of March 16 the strongest but those of July 9 and 

12 most widely felt.
Nevada: Shock of maximum intensity V-VI on April 12. Twelve or more light 

shocks. Several California shocks felt, especially that of April 9.
New Hampshire: Two moderate shocks, stronger on March 18.
New Mexico: Three shocks. Strongest on December 3.
New York: Three light shocks.
Ohio: Six shocks. Strongest on June 26.
Oregon: One slight shock.
South Carolina: Three shocks. Strongest on December 25.
Tennessee: Two shocks in eastern portion, strongest on August 30. Three mod 

erate in western portion.
Virginia: One slight shock.
Washington: Six slight shocks.
Wyoming: Nineteen moderate shocks in the region south of Yellowstone National 

Park and nine in the park, of which that of August 24 was the strongest.
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Alaska: Activity slight. Twenty-six shocks listed, none strong.
Hawaii: Three fairly strong shocks on island of Hawaii. Others not listed.
Porto Rico: One slight shock.

Philippine Islands: Four fairly strong shocks. Others not listed. 
Panama Canal Zone: Two fairly strong shocks caused slight damage in the Ca nal 

Zone.
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NORTHEASTERN REGION

[75th meridian or eastern standard time]

January 4: Time not known. Clinton, N. Y. (43°. 1 N., 75°.3 W.). Slight.
January 17: P. m., Attica, N. Y. (42°.8 N., 78°.3 W.). Feeble.
February 14: 1.15, Franklin, N. H. (43°.4 N., 71°.7 W.). Two shocks felt also

at several neighboring towns. Windows and dishes rattled. 
March 11: 18.30, Topsham, Me. (44°.0 N., 70°.0 W.). Feeble. Felt also at

Brunswick. 
March 18: 19.15, Concord, N. H. (43°.3 N., 71°.6 W.). Felt at Bristol, Laconia,

Franklin, and Hebron. Dishes rattled, houses swayed heavily, followed by
rattling. 

March 27: 14.30, West Springfield, Mass. (42°.1 N., 72°.7 W.). Shook buildings
and small objects.

July SI: 21.00, New Bedford, Mass. (41°.5 N., 70°.8 W.). Slight shock, strong 
est at Nonquitt and Salters Point. Felt also in Marthas Vineyard and
Edgar town. 

November 1: 21.35, Malone and Chestnut Falls, N. Y. (44°.8 N., 74°.3 W.).
Slight shocks lasting 10 seconds over a considerable area. Subterranean
sounds.

November 13: 1.00, Corinna, Me. (45°.0 N., 69°.2 W.). Feeble. 
December 25: P. m., Waterville, Me. (44°.5 N., 69°.6 W.). Feeble.

EASTERN REGION
[75th meridian or eastern standard time]

July 19: 13.53, Everglades and La Belle, Fla. (25°.8 N., 81°.4 W.). Moderate 
shock. Seismic origin doubtful; probably blasting. Felt also at Fort 
Myers.

August 30: 4.28, eastern Tennessee (35°.9 N., 84°.4 W.). One strong shock like 
heavy blast at Lenoir City. Moderately strong sound before shock at 
Kingston. Rapid trembling, 10 seconds in all, at Oliver Springs. At Lawn- 
ville a roar like thunder.

September 2: 20.30, Summerville, S. C. (33°.0 N., 80°.2 W.). Very local shock. 
Rumbling sound. Lasted three seconds.

September 15: 2.40, Richmond, Va. (37°.5 N., 77°.5 W.). Slight. Sleeper 
awakened. Lasted 15 seconds.

October 16: 16.50, Knoxville, Tenn. (36°.0 N., 84°.0 W.). One shock felt by 
nearly all. Objects swung east-west, windowpanes broken, dishes fell from 
shelves, furniture moved. Surface and subterranean noise.

November 1: 1.34 and 2.02, Anne Arundel County, Md. (39°.2 N., 76°.5 W.). 
Feeble at Round Bay and Severna Park.

December 1: 9.10 to 9.45, Bessemer, Ala. (33°.4 N., 87°.0 W.). An unusual series 
of tremors. Possibly not seismic.

December 9: 19.02, Due West, S. C. (34°.3 N., 82°.4 W.). Moderate. Felt over 
about 250 square miles. Aftershocks between 3 and 4 on the 10th.

December 25: Between 22 and 24, Chesterfield County, S. C. (34°.5 N., 80°.3 W.). 
Felt at Patrick, McBee, and Society Hill; also in adjacent portion of Dar 
lington County.

CENTRAL REGION
[90th meridian or central standard time]

January 2: 10.30, Ripley, Tenn. (35°.8 N., 89°.6 W.). Feeble.
January 23: 21.45, Sault Ste. Marie, Mich. (46°.4 N., 84°.3 W.). One abrupt

bump felt by several. 
January 26: 15.00, Black Rock, Ark. (36°.l N., 91°.2 W.). Slight shock felt by

many. 
February 18: 11.00, Marked Tree, Ark. (35°.5 N., 90°.4 W.). Feeble shock felt

by a few. Subterranean sounds. 
February 25: 6.45, Cairo, 111. (37°.5 N., 89°.2 W.). A slight abrupt shock felt

by several. 
March 26: 2.50, Raleigh, Tenn. (35°.3 N., 89°.9 W.). Feeble. Probably same

as shock reported on March 27. 
March 27: 2.56, Memphis, Tenn. (35°.3 N., 90°.0 W.). Windows rattled.
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April 2: 3.39, Caruthersville, Mo. (36°.2 N., 89°.7 W.). Slight. Rattled dishes 
and windows.

May 28: 11.31, Hannibal, Mo. (39°.7 N., 91°.3 W.). Shock felt by several. 
Light fixtures swayed.

June 26: 15.45, Bellefontaine, Lima, and Wapakoneta, Ohio (40°.5 N., 84° W.). 
Two shocks felt by many. Gradual rocking and rumbling. Another on the 
27th at 1.23. Felt at Sidney and Lima.

July 10: 18.15, Marion, Ohio (40°.7 N., 83°.2 W.). Slight. May have been 
blasting.

Augusts: 12.31, Hannibal, Mo. (39°.6 N., 91°.4 W.). One to three abrupt 
shocks. Windows rattled. Hanging objects swayed.

August 29: 0.27*, Blandville and Barlow, Ky., and Cairo, 111. (37°.0 N., 89°. 1 
W.). Four shocks in quick succession felt at Blandville. Sounds variously 
described as cracking, thundering, rattling, roaring heard between 0.25 and 
4.00. Several persons awakened. Loose objects rattled. Cairo, one shock 
with up and down motion. (See Bulletin of the Seismological Society of 
America, volume 21, No. 2, page 159, for further details.)

30 30

FIGURE 2. Area affected by Louisiana shock of October 19

September 1: 14.30, New Madrid region (36°.5 N., 89°.5 W.). Hickman, Ky., 
generally felt, shock abrupt. New Madrid, Mo., north-south motion felt 
by many. Three seconds duration. Tiptonville, Tenn., two shocks, rapid 
trembling and bumping. (See Bulletin of the Seismological Society of 
America, volume 21, No. 2, page 159, for further details.)

September 3: 6.00 and 23.30, Blandville, Ky. (37°.0 N., 89°. 1 W.). Slight shocks.
September 29: 15.15, Sidney, Ohio (40°.3 N., 84°.2 W.). Very brief shock felt 

by many.
September 80: 17.50, Sidney, Ohio. Brief shock generally felt.
October 19: 6.17, Louisiana (30° N., 91° W.). Widespread shock centering about 

60 miles west of New Orleans. See page 16 for details.
November 16: 6.30, Malvern, Ark. (34°.3 N., 92°.7 W.). Residents on Baker 

Hill rudely awakened. Slight damage to house. Felt at Huskey Creek, 
Perla, Damascus and Leola.

December 23: 8.44, St. Louis, Mo. (38°.5 N., 90°.2 W.). Light shock shook 
houses.

WESTERN MOUNTAIN REGION
[105th meridian or mountain time]

March 16: Shock reported variously at 5.54, 6.13, 6.23 but not certain that there 
was more than one shock. Helena, Mont. (46°.5 N., 112°.0 W.), Felt 
by half of population, others not awakened. Shock started with vertical
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motion followed by north-south motion. First shock accompanied by a
loud crash. Desks moved sightly, windows rattled. Some cracks in plaster. 

March 28: 12.00, Albuquerque, N. M. (35°.0 N., 106°.6 W.). A very brief shock
shook houses and rattled dishes. 

June 12: 2.15, Grover, Wyo. (42°.6 N., 111°.0 W.). Fairly strong shock felt by
nearly all. One brick building cracked. Concrete swimming pool 3 miles
northwest cracked. Plaster cracked; clocks on west walls stopped. Sounds
like loud cracking and roaring. 

June 12: 2.25, same. Rumble. 
June 12: 2.40, same. Shock lasting 10 seconds; stopped clocks and strongly

rattled windows. 
June 12: 3.35, same. A few distinct shocks, then a pause and then a lurch. Felt

near Bear Lake, Idaho. Sound like loud rumbling of truck or train. 
June 12: 5.30, same. Abrupt shock. Disturbed objects. Lamps swung north 

west-southeast.
June 12: 10.45, same. Slight shock. 
June 12: 13.00, same. Slight shock. 
June IS: 5.30 and 11.17. Slight shocks at Grover, Wyo. 
June 14'- 0.00. Slight shock at Grover, Wyo. 
June 16: 1.30, 1.45, 1.50, 4.00, 5.00. Shocks described as lurch or tremble at

Grover, Wyo. 
July 9: 18.00, Western Montana (47°.5 N., 115° W.). Shock felt at Paradise,

Hangan, St. Regis, and Saltese, Mont., and at Falcon, Idaho. Shock was
also felt at Missoula, Mont. 

July 12: 18.00, west central Montana (46° N., 112° W.). A moderate shock was
widely felt at Butte, Helena, Three Forks, Fort Benton, and in Yellowstone
Park, 5 miles south of Gardiner. 

July 16: The fourth light earthquake in three days was felt in the vicinity of
Three Forks on the night of July 16. Felt at Bozeman, Lombard, and Gate 
way.

July 16: 12.00 and 14.40, Constellation, Ariz. (34°.2 N., 112°.5 W.). 
July 17: 5.15, Livingston, Mont. (45°.6N., 110°.6 W.). Slight shock. 
July 28: 2.35, Rock Springs,,Wyo. (41°.5 N., 109°.3 W.). One shock. Buildings

creaked, lights swayed.
July 31: 0.31, Livingston, Mont. Slight shock. 
August 24: 19.40, Yellowstone Park (44°.5 N., 110°.5 W.). Light shock with

large number of aftershocks. Dishes thrown down; lights swung. 
August 25: 7.45, shook south end, Lewis Lake, Yellowstone National Park.

Water disturbed. 
August 26: 4.00, Snake River ranger station, Yellowstone National Park (44°.4

N., 110°.8 W.). Swaying northeast-southwest felt by several, rattling of
doors and windows; many awakened. 

August 26: 7.40, shock disturbed water in Lewis River, Yellowstone National
Park.

August 27: 17.00, Snake River ranger station. Three shocks. 
J August 31: 23.45, north end, Yellowstone National Park. Light. 
September 10: 9.30, 13.30, Midas, Nev. (41°.1 N., 116°.9 W.). 
September 11: 19.30, Midas, Nev. All light. 
September 12: 1.30 and 2.00, Midas, Nev.
September 15: 20.10, Norris Junction, Yellowstone National Park. Light. 
September 16: 4.30, Red House, Nev., 7 miles south of Blossom Ranch. Light. 
September 16: 16.50, 17.00, 20.20, 20.30, Midas, Nev. Light. 
September 18: 5.00 "Midas, Nev. Light. 
September 19: Time unknown, Grover, Wyo. (42°.6 N., 111°.0 W.). Feeble shock

felt by a few.
September 21: Time unknown. Feeble shock at Grover, Wyo. 
September 25: 4.00, Snake River ranger station. Moderate. 
October 3: 20.25, Duran, N. M. (34°.5 N., 105°.4 W.). Moderate shock felt by

many. Rolling motion, rumbling sound, rattled windows. No damage. 
November 15: 20.15, Rowland, Nev. (41°.9 N., 115°.4 W.). Light. 

^November 16: Time unknown. Grover, Wvo. Feeble shock. 
December 3: 14.36, Albuquerque, N. M. (35° N., 106°.5 W.). Two distinct shocks

vertical movement generally felt. Cracked plaster and dishes. Aftershock
on the 4th at 15.30. 

December 8: 23.50, Jarbidge, Nev. (41°.8 N., 115°.3 W.). Light.
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December 22: 9.15, Snake River ranger station (44°.4 N., 110°.8 W.). Rapid 
rocking, west to east, felt by all. Subterranean and surface sounds heard.

NOTK. Reports were received concerning rumblings or quakes which were both "heard and felt" near 
Ibex Mountain in Utah. The location is near what is known locally as the House Range but shown on 
maps as the Confusion or Wah Wah Valley Range. These "quakes" are commonly experienced during 
the cold season of the year from November to March. They are strong enough to scare horses so they will 
not stay in the canyons but are not felt at the town of Garrison, 40 miles west. There is some doubt whether 
they are true earthquakes. However, it is known that sharp shocks did occur in this general region on 
November 13 and 19, 1901. Records show that at various times earthquake "swarms," that is, large 
numbers of small earthquakes occurring frequently in the same general locality, have occurred in various 
parts of Utah. Possibly these sounds are a related phenomenon.

PACIFIC COAST REGION
[120th meridian, or Pacific standard time] 

California and western Nevada

January 4'- 3.27,* San Jacinto Fault (Wood). Mecca.
January 8: 23.30 to January 9: 1.56. A series of fairly strong shocks originating 

along the San Andreas Fault in San Benito or Santa Cruz Counties (Wood). 
At Santa Cruz there were several shocks from 23.30 to 1.56 on the 9th. 
There were three principal shocks in the region two on the 9th at 0.06 * and 
0.16* felt from Lonoak to Santa Cruz and from points eastward of the 
Salinas Valley to the coast (a land area of about 1,800 square miles), and one 
at 1.56 felt from Camphora to Santa Cruz. Aftershocks occurred on the 
10th at 23.18 * and on the 12th at 2.41,* both felt 11 miles south of Salinas.

January 15: 16.24 * and 16.34,* probably San Bernardino mountains, north of 
Forest Home and south of Great Bear Lake (Wood). See map. First 
shock strongest. At least 50 instrumental shocks recorded at Pasadena 
during the day. Felt over an area of about 48,000 square miles. Force 
ranged from IV to VI in epicentral region. Telephone service temporarily 
disrupted at Pomona. Chimneys fell and dishes broken in Fawnskin and 
Summit. Three distinct shocks at Pine Knot. Force VI at Fawnskin and 
Summit; V-VI at Coachella, Forest Home, Lake Arrowhead, Pine Knot, 
Pomona, Victorville, and Yucaipa; V at Barstow, East Highland, Los Ange 
les, Ludow, Mecca, Riverside; IV at Adelanto, Alber Hill, Banning, Cabazon, 
Cedarpines Park, Crestline, Crucero, Dalton, Devore, Edom, Hemet, 
Hesperia, Laguna Beach, Long Beach, Pomona, Riverside, Running Springs, 
Santa Cruz, Seven Oaks, Tustin, and Twenty-nine Palms; III at Anaheim, 
Avalon,- Baldwin Lake, Baldwin Park, Barstow, Beaumont, Blythe, Cajon, 
China, Chula Vista, Coachella, Colton, El Modeno, Fullerton, Gardena, 
Hollywood, Huntington Beach, Keen Camp, La Canada, La Verne, Long 
Beach, Los Nietos, Lucerne Valley, Needles, Newhall, Niland, North 
Hollywood, Orange, Phelan, San Bernardino, San Dimas, Santa Ana, Silver 
Lake, Swartout, Valyermo, Van Nuys, and Yorba Linda.

January 16: 0.15, Mendota.
January 16: San Bernardino Mountains. Seven aftershocks of January 15 

shock felt at Riverside, Baldwin Lake, and Big Bear City (nine reports).
January 17: 4.25, San Dimas and East Highlands.
January 17: 16.20 and 16.30, Camp Angelus. Felt at Montrose and San 

Gabriel.
January 18: 21.43, Storrie.
January 19: 13.00, Castroville.
January 22: 20.17,* near North Oakland. Maximum intensity IV. Felt from 

San Francisco to Concord and from San Rafael to Alvarado. Aftershock 
at Canyon.

January 2S: 11.27, Baldwin Lake.
January 27: 12.26, Arcadia. Fairly strong. Four shocks, motion same as 

heavy swell. Shock plainly heard approaching before it was felt.
January 27: 19.00, Big Bear City.
January 28: 0.23, vicinity of Tulare, Porterville, and Lindsay. Felt near 

Bakersfield.
January 28: 1.32, La Canada.
February 1: 15.00, White Water.
February 2: 2.00, El Granada.

* After time means that earthquake has been instrumentally recorded. When only one place is named 
the shock is slight and local. Hour and other details not given for slight fore and after shocks. There is 
considerable unpublished detail available at the Washington office of the Coast and Geodetic Survey and 
the field «t-~ tion of that bureau in San Francisco, Calif. However, no important information is omitted.
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February S: 17.00, Caribou.
February 4: 10.00, Big Bear City.
February 5: 17.00, Caribou.
February 7: 7.55, Big Bear City.
February 7: 15.23,* in Mexico, south of Jacumba (Wood). Maximum intensity 

IV-V. Felt from San Diego to Calexico and to the north in Mecca, Descanso, 
and Westmoreland, an estimated area (including the probable area in 
Mexico) of 8,000 square miles. Reported perceptible in San Pedro. Felt 
at Agua Caliente, Mexico.

February 11: 13.00, Ager.
February 11: 13.21, probably near Los Altos (Byerly). See map. Felt from 

Aptos on the south to San Rafael, Vallejo, and Antioch on the north and 
from the coast to the Orestimba Valley east of Mount Hamilton, an area

124" 122° 120'

42

FIGURE 3. Areas affected by shocks of February 11, April 9, April 12, September 22,
December 11

and

of about 4,700 square miles. Felt as follows: IV to V at Alviso, Cupertino, 
La Honda, Palo Alto, and Los Altos; III at Agnew, Aptos, Bonny Doon, 
Brookdale, Colma, Corte Madera, San Francisco. San Rafael, Santa Cruz, 
Santa Clara, Sausalito, and Swanton.

February 11: 16.00, Mount Signal.
February 25: 18.30,* very probably San Jacinto Fault, a few miles southwest of 

Westmoreland (Wood). See map. Intensity upper range of VIII over 
small area; vertical motion at first followed by north-south movement 
Probably felt over about 21,000 square miles. Craters were found where 
mud and water, had been forced up out of the ground. In Westmoreland 
walls cracked, plate glass was broken, joints in walls cracked, plaster fell. 
Damage confined to buildings of inferior construction. Modern buildings 
all withstood the shock. No damage to piping.
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Intensity distribution: VIII at Westmoreland; V at Blythe, Brawley, 
Mecca, Palo Verde Valley, Plaster City, and Seeley; IV at Bonita, Calexico, 
Holtville, and Thermal; III or less at Aquanga, Dixieland (8 miles east of 
Mecca), Heber, Ramona, San Jacinto, Warner Springs, and in Arizona at 
Parker and Yuma.

The most important of about 11 foreshocks occurred as follows: 6.00, 
Brawley and Calexico; 16.43,* Calipatria and Westmoreland; 16.58,* Niland 
and Seeley; 17.23,* Niland; 17.28,* Mount Signal.

Aftershocks were felt as follows: 18.45, Blythe and 10 miles east of Mecca; 
19.30, Palo Verde and Warner Springs; 19.50, Palo Verde and Dixieland, 
8 miles east of Mecca, Warner Springs and Quartzsite, Arizona; 20.20, 
Imperial and Mecca; 20.30, Blythe and Holtville; 20.55, Palo Verde and Holt 
ville; 23.30, and 23.50, Dixieland, Palo Verde, and Blythe and Gadsden, 
Ariz. Hundreds of small aftershocks recorded instrumentally (Wood).

February 26: Same. Four aftershocks.
February 27: 4.26 and 13.15, Bigpine.
March 1: 6.00, Aguanga.
March 1: 15.05, strong at Brawley. Felt from Calipatria to the Mexican border 

and at Palo Verde.
March 1: 15.44,* destructive shock centering in the San Jacinto Fault west of 

Brawley (Wood). (See map.) Force VIII in epicentral region. The shock 
was felt over an area of about 11,000 square miles. It lasted 30 seconds at 
Brawley where buildings were damaged, plate-glass windows were broken, 
chimneys thrown down, and contents of stores damaged. Damage to 
structures including falling out of walls, bad cracks in walls, fall of parapet 
walls, displacement of roofs, displacement of columns, and fall of over 
hanging cornices. The usual lesson was demonstrated that buildings with 
good joints and without overhanging parts suffered least. Undoubtedly 
the earthquake effect was enhanced by the deep alluvium of the site.

Intensity distribution: VIII at Brawley; V at Calipatria, Holtville and 
Plaster City; III at Dixieland, Heber, Imperial, Jacumba, San Jacinto, and 
Warner Spiings.

At 17.50* a fairly strong aftershock (intensity IV) was felt throughout 
the Imperial Valley region, from San Jacinto to the border and from Santa 
Ysabel to Palo Verde, an area of approximately 10,000 square miles. It 
was reported from Aguanga, Dixieland, Goffs, Jacumba, Mecca, Palp Verde, 
Ramona, Santa Ysabel, Seeley, and Warner Springs. Other aftershocks 
were reported at 16.30, 17.26, 23.49, and 23.51. About 20 were felt up to 
the night of March 6. Numerous aftershocks were recorded.

March 5: 9.35, Big Bear City.
March 6: 17.10, Woodcrest (IV).
March 9: 22.00, Forks of Salmon.
March 18: 21.52, Grand Canyon and Little Lake.
March 19: 18.01, Bigpine.
March 27: 2.30, San Mateo.
March 27: 13.30, Loleta. Felt from Arcata to Petrolia and to Bridgeville, an 

area of about 1,600 square miles. Intensity III at Arcata, Bridgeville and 
Bucksport.

April 2 and 4- One shock on 2nd and three on 4th at Genessee and Taylorsville, 
Plumas County.

April 5: 20.23,* Sierra west of Independence (Wood). Felt feebly at Sugar 
Pine, Big Creek and Laws. Another shock at 20.28.*

April 9: 14.00, near Lake Tahoe. (See map.) Felt over an area of approxi 
mately 19,000 square miles. Plaster cracked near Lake Tahoe. Intensity 
distribution was as follows: VI at Lake Tahoe and Glenbrook, Nev.; V at 
Truckee and apparently at Stockton, though a considerable distance away; 
IV at Clements, Georgetown, Sacramento, Stanislaus, and Strawberry 
Valley, and (in Nevada) at Carson City, Genoa, Minden, and Reno; III at 
Angeles Camp, Bijon, Camino, Cisco, Cromberg, Davis, Floriston, Forest, 
Log Cabin, North Bloomfield, Omo Ranch, Railroad Flat, Stockton, Tahoe 
Pines, and Valley Springs, and (in Nevada) at Dayton, Gardnersville, Lim 
ing, Stewart, and Verdi. Aftershock at 14.14.



UNITED STATES EARTHQUAKES, 1930 11

April 12: 4.57,* near Fernley and Fallen, Nev. (See map.) Felt over an area 
of approximately 15,000 square miles. At Fernley, Nev., chimneys cracked 
and dishes broke; at Fallon plaster cracked and objects were thrown from 
shelves. Intensity distribution: VI (in Nevada), at Fernley and Fallon; 
V (in Nevada) at Gardnersville, Mason, Steamboat, Wabuska, and Weeks, 
and at Tahoe, Calif.; IV (in Nevada) at Carson City, Hazen, Lovelock, 
Sehurtz, Stewart, and (in California) at Greenville and Unionville; III (in 
Nevada) at Glenbrook, Hudson, Minden, Nixon, Verdi, and Yerington, and 
(in California) at Boca, Camp Richardson, Loyalton, Tahoe, and Vinton.

April 20: a. m., Whitmore.
April 20: 0.52,* southeast of Barstow (Wood). Felt at Victorville.

FIGURE 4. Areas affected by shocks of January 15, February 25, March 1, August 5, August 30

April 23:. 5.20, Perris.
April 29: 12.13,* Mill ville, Redding, Kennet, and Paynes Creek (Inship power

house). Felt sharply at the latter place. 
May 1: 23.03, Lafayette.
May 7: 5.38, Aptos, Capitola, Santa Cruz, and Watsonville. 
May 8: 12.55, Holtville, moderate. 
May 11: 15.59, near Pinnacles, San Benito County. 
May 11 and 12: Southeast of Warner. Principal shocks at 20.14* on the llth

and 21.25 on the 12th were felt at Warner Springs, Ramona, Julian, and
Santa Ysabel. There were at least three shocks on the llth and seven on
the 12th. The main shocks were not strong. 

May IS: 2.18, Livermore, Arroyo Sanitarium.
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May 15: 7.30, Alton, Loleta, Upper Matole, and Scotia. Felt from Briceland 
to Loleta and east to the Eel River, an area of about 1,500 square miles, 
not including probable undersea area to west. Aftershocks on 20th, 22d, 
and 26th.

May 18: 3.15, Agnew.
May 28: 11.05, Atolia. Another shock at 23.13* felt in Atolia and Panamint 

Valley, San Benito County (Wood).
May 29: 5.15,* probably San Andreas fault. Felt at Dos Palos, Trent, Los Banos, 

and Brito. Preceded and followed by numerous smaller (recorded) shocks 
only two of which were felt.

June 8: 18.38,* San Jacinto fault (Wood). Laguna Mountains and 3 miles east of 
Ramona.

June 20: 21.15, Casmalia.
June 24: 14.45, Dixieland and El Centro.
June 24: 15.25,* south of Imperial Valley (Wood). Felt at Heber, Holtville, and 

Calexico.
June 26: 14.09,* south of Imperial Valley (Wood). Two shocks with 1 minute 

interval felt at Imperial. Fairly strong at Holtville. Felt at Calexico, 
Mount Signal, and El Centro. There was a preliminary shock on the same 
date and aftershocks on the 27th and 29th.

July 7: 4.09,* Inyokern district (Wood). Brown, Inyokern, Isabella, Indian 
Wells Canyon, Kernville, Onyx, Trona, and Weldon. Aftershocks.

July 12: 2.55,* Inyokern district (Wood). Felt at Sand Canyon. Another at 
9.18.*

July 17: 15.14, Victorville.
July 20: 23.25, Spreckels.
August 5: 3.25,* near Santa Barbara (Wood). (See map.) Two shocks of local 

origin broke windows at Santa Barbara. Walls cracked at Ventura. Prob 
ably force VII. Felt over a land area of 9,000 square miles. Force V-VI 
at Carpinteria, Goleta, Santa Barbara, Ojai, and Oxnard; IV at Buellton, 
Gaviota, Los Olivos, Santa Paula, and Santa Yuez; III at Los Alamos, 
Nipomo, Santa Maria, Santa Paula, Santa Susana, Saticoy, Saugus, Stauffer, 
and Triunfo. One aftershock felt.

August 7: 19.45, Chualar. Feeble.
August 7: 23.41,* Monterey and Spreckels.
August 8: 8.46,* near Santa Barbara (Wood). Felt at Santa Barbara and Goleta.
August 11: 5.00 * and later. Near Lone Pine (Wood). Series of slight to moderate 

shocks in Owens Valley. Ten in all felt at points between Independence and 
Keeler. Aftershocks felt chiefly at Lone Pine and Owenyo.

August 18: 5.09,* off Point Concepcion (Wood). Force V over a land area of 
about 500 square miles near Point Concepcion. Areas of higher intensities 
unusually localized and separated; V at Point Concepcion; IV at Gaviota; 
III at Halcyon and Oceano.

August 26: 4.09,* Inyokern Valley (Wood). Slight at Grapevine Canyon near 
Brown.

August 27: 21.15, Soledad.
August 29: 10.13,* San Bernardino Mountains (Wood). Feeble at Baldwin Lake.
August 30: 16.41,* near Santa Monica (Wood). (See map.) Maximum intensity 

VII-VIII. Felt with intensity VI or more over 2,500 square miles; affected 
area over 11,500 square miles including some water area. Additional data 
may be found in the Bulletin of the Seismological Society of America, volume 
20, page 279. At Venice (VIII) a cornice fell from hotel. At Los Angeles 
(VIII) there were minor cracks in buildings, fallen plaster, and broken 
dishes. Shock lasted 30 seconds; people rushed into streets. Two reports 
indicated force V and VI. At Pasadena and Hollywood (VII) dishes broke 
and plaster fell. At Santa Monica (VIII) a distinct upward thrust, followed 
by rolling motion, lasted 30 seconds. Goods were thrown from shelves, vases 
fell, pictures moved. Crack appeared along edge of Palisades Park bluff. 
At Chatsworth plaster cracked, objects fell. At Roscoe clocks facing west 
stopped. Dishes were thrown from shelves at San Fernando; population 
generally frightened. At North Hollywood small objects moved and over 
turned, walls cracked, poster fell. At Owensmouth plaster and chimneys 
cracked, water spilled in an easterly direction.

Force VI at Huntington Beach. Clocks facing west and northwest 
stopped, doors and windows rattled. Hanging objects moved at San Dimas," 
North Los Angeles, North Hollywood, and Topanga. Nearly VII at Olive 
View. Clocks stopped at Norwalk. Force V at Alberhill, Agoura, Arling 
ton, Bell, Beverly Hills, Cahuenga Park, Calabasas, Chatsworth, Chino,
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Compton, Dominguez, El Segundo, Fullerton, Hawthorne, Highway, High 
lands, Hollywood, Huntington Park, Inglewood, La Crescenta, Lawndale, 
Littlerock, Long Beach, Manhattan Beach, Mar Vista, Maywood, Monte- 
bello, Montrose, Orange, Pacific Palisades, Pacoima, Palos Verdes Estates, 
Reseda, San Fernando, Santa Ana, Santa Monica, Santa Susana, Saugus, 
Sunland, Triunfo, Tujunga, Universal City, Van Nuys, and Wilmington.

Force IV at Alhambra, Altadena, Avalon, Azusa, Balboa Island, Bryn 
Mawr, Burbank, Claremont, Cypress, East Pasadena, El Monte, Fillmore, 
Gardena, Glendale, Guasti, Home Gardens, Hynes, Inglewood, La Canada, 
Laguna Beach, La Verne, Llano, Monrovia, Montrose, Mount Wilson, Nor- 
walk, Oceanpark, Palmdale, Rialto, Rivera, Roberts Camp, Rosemead, San 
Gabriel, Santa Ana, Simons, Somis, Terminal Island, Torrance, Verdugo 
City, Watts, Wilmar, and Willowbrook. Force III at Anheim, Arcadia, 
Balboa, Camarillo, Casitas Springs, Clearwater, Colton, Cornell, Corona, 
Costa Mesa, Covina, Cucomonga, Downey, Eagle Rock, El Modeno. El 
Toro, Etiwanda, Fontana, Garden Grove, Glendora, Hermosa Beach, High 
land Park, Hondo, Hueneme, Irvine, La Vina, Lomita, Los Nietos, Lynwood, 
Moneta, Moorpark, Mount Lowe, Newport Beach, Ontario, Oxnard, Pico, 
Placentia, Pomona, Redondo Beach, Riverside, Rosamond, San Bernardino, 
San Jacinto, San Juan Capistrano, San Marino, Santa Fe Springs, Saugus, 
Seal Beach, Sespe, Sierra Madre, Siiri, South Gate, Stanton, Swartout, 
Walteria, Whittier, Wilmar, Wilsona, and Wineville.

One aftershock felt on August 30; six on the 31st.
September

San Lu s Obispo.
September 
September S 
September 8 
September 8

5.35,* off coast about 35° N. (Wood). Feeble at Halcyon and

8.25, Santa Cruz.
11.44, Big Creek, Bass Lake, and The Pines.
13.13,* Imperial Valley, Calipatria, and Westmoreland.
21.27, Santa Barbara.

September 11: 11.16,* near Whittier (Wood). Felt.
September 18: 23.55, Bolinas.
September 22: 14.00, Lafayette.
September 22: 18.58,* Eureka and Fieids Landing. (See map.) Felt from 

Briceland to the Oregon border (115 miles) and 55 miles from the coast, an 
affected area of about 4,600 square miles on land and probably more than 
this under the sea. At Eureka (VIII) chimneys were thrown down, dishes 
thrown from shelves. At Fields Landing chimneys were cracked and dishes 
thrown from shelves. At Capetown (VI) windows and doors rattled; 
damage slight. At Crannell, small objects overturned, pictures and dishes 
fell. At Holmes vases overturned. Slight damage at Korbel. At Samoa 
walls creaked; clock facing west stopped. Slight damage at Stumpville.

Force V at Alton, Bayview, Bridgeville, Dyerville, Fernbridge, Field- 
brook, Freshwater, Grizzly Bluff, Loleta, Pepperwood, Scotia, Showers Pass, 
Skelly, Trinidad, and Weott. Force IV at Arcata, Bayside City, Beatrice, 
Benbow, Briceland, Falk, Ferndale, Fortuna, Hydesville, Kneeland, Orick, 
Shively, Waddington, Whitlow, and Yager. Force III at Cutten, Denny, 
Eel Rock, Fort Dick, Garberville, Hoopa, Miranda, and Upper Matole.

September 23: 5.55, aftershock felt at Bridgeville, Fernbridge, Ferndale, Eureka, 
Trinidad, and Whitlow, a land area of about 1,200 square miles. Another 
light shock followed.

September 28: 19.30, Escondido.
September 26: 1.30, Portola.
September 27: 19.00, Arcata.
September SO: 16.40, Culver City. Fairly strong.
October 2: 6.18,* off Point Arguelo (Wood). Halcyon.
October 28: 5.57,* off coast near Cayucos (Wood). Felt at ISipomo.
October 29: Shasta and Tehama Counties. There were a series of 13 shocks felt 

from Mineral and Viola in the east to Redding and Lamoine in the West. 
The principal ones were felt as follows: 2.30 at Redding; 3.30 at Ingot, 
Baird, and Redding; 4.37* at Inwood, Mineral, Millville, Redding and 
Lamoine (this is probably the shock reported without time given as causing 
damage at Whitemore and Lamoine); 11.28 at Inwood and Millville; 
11.38 at Baird and Mineral; 11.50* at Redding (slight damage) and Ingot; 
20.29 * at Mineral and Millville.

October SO: 12.45, 13.00,* 13.59,* Newhall.
October SI: p. m. Two shocks at Kennet.
November 6: 23.13, Iowa HiU.
November 9: 21.11, 6 miles south and 2 miles east of Aberdeen depot. Moderate.
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November 11: 0.55, Forest Glen. Moderate.
November 17: 6.30, Claremont.
November 17: 9.43, Forest Glen.
November 20: 17.30, Bridgeville.
November 25: 4.34.* Felt near Calexico.
December 7: 12.45, Upper Matole.
December 7: 17.23 * and 17.29,* near Santa Barbara (Wood). Felt also at Goleta.
December 8: 14.00, Ukiah.
December 11: 1.00,* northern California, probably at sea. Epicenter inde 

terminate. (See map.) After two preliminary shocks an earthquake 
affecting an area of 11,500 square miles on land was felt with force VI at 
Ferndale where articles were thrown from shelves and all awakened. Similar 
effects at Spyrock, Harris, and Waddington. Force V was observed at 
Alton, Chico, Ettersburg, Fernbridge, Weott, Zenia; I Vat Beatrice, Blocks- 
burg, Branscomb, Cummings, Hydesville, Kneeland, Littleriver, McCann, 
Miranda, Samoa, Whitlow, Willits; III at Alderpoint, Arcata, Bell Springs, 
Covelo, De Sabla, Island Mountain, Orland, and Westport.

There were at least 15 aftershocks on the llth, 4 of which were at Shelter 
Cove to south of central area. The principal ones were: 4.28* at Hydes 
ville, Samoa, Bridgevil.le, Eureka, Fernbridge, Scotia; and 20.50 at Hydes 
ville, Ferndale, Scotia, Alton, and Weott.

Twenty-one aftershocks in northern California. The principal ones on 
December 12 were as follows: At 1.32* a shock was felt over 3,600 square 
miles on land with force V-VI at Cummings; V at Waddington; IV at 
Upper Matole, Weott, Alder Point, Harris, Ettersburg, and Whitlow; 
III at Punta Gorda Light, Ettersburg, Eureka, Island Mountain, Briceland, 
and Forest Glen. Another at 12.16* was felt with force V at Fernbridge, 
Weott and Waddington; IV at Ferndale and Cummings; III at Alton, 
Eureka and Scotia. Shocks at 2.00 and 14.00 were felt at Ukiah, far to 
south. On December 13 three aftershocks felt. The strongest, at 17.39,* 
was felt at Scotia and Alton.

December 14: 12.00, aftershock at Upper Matole.
December 15: 0.39,* Eureka and Whitlow.
December 15: about 12.35, Blocksburg and Scotia.
December 28: 1.10, Eureka and Scotia. Two light shocks followed.
December 24'- Four aftershocks in north California region. Strongest at 1.11,* 

felt at Bridgeville, Ferndale, Alton, Scotia, Whitlow, and Upper Matole.
December 27: 14.14, Ferndale, Loleta, and Atton.
December 28: 2.22, Spreckels.
December 29: 5.30, Pollock, and Antler.
December SO: 5.37,* felt at Sims, Redding, Dunsmuir, and Castella.
December SO: 6.00, Walteria.
December SI: 17.15, near June Lake.

WASHINGTON AND OREGON
[120th meridian, or Pacific standard time] 

WASHINGTON

June 16: 20.30, Elbe (46°.7 N., 122°.5 W.). Slight.
June 17: 7.40, Eatonville, La Grande, and Alder (46°.8 N., 122°.3 W.). Build 

ings swayed, windows rattled.
June 17: 23.00, Carbonado (47°.1 N., 122°.0 W.). Slight. 
August 18: 23.05, Sultan (47°.8 N., 121°.8 W.). Slight. 
September 3: 5.00, Rodna (47°.3 N., 117°.8 W.). Slight. 
October 7: 20.00 Lemanasky Lake. Slight.

OREGON
July 8: 12.30, Perrydale. Slight. 
July 18: 18.38, Perrydale (45°.0 N., 123°.2 W.). Also McCoy, cracked plaster,

rattled windows. Crack appeared in roadbed about one-half mile west of
Perrydale.

* After time means that earthquake has been instrumentally recorded. When only one place is named 
the shock is slight and local. Hour and other details not given for slight fore and after shocks. There is 
considerable unpublished detail available at the Washington office of the Coast and Geodetic Survey and 
the field station of that bureau in San Francisco, Calif. However, no important information is omitted
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ALASKA
[150th meridian time unless otherwise stated]

January 12: 1.46, Matanuska (62° N., 146°.5 W.). Slight.
January 22: 14.30, Whale Island, Afognak and Kodiak Island (57°.5 N., 152° W.). 

Feeble.
February 20: 15.15, Matanuska. Slight.
February 28: 6.38, and 6.41, Fairbanks (65°.5 N., 147° W.). Slight.
March 9: 11.30, Chernofski (53°.5 N., 167° W.). Slight.
March 22: 9.50, Fairbanks. Generally felt. Abrupt bumping.
April 1: 1.28, Fairbanks. Slight.
April 20: 0.15, Fairbanks. Felt by many awakened from sleep.
April 23: Time unknown, probably accompanying an eruption of Sbishaldin Vol 

cano, Unimak Island.
April 29: 18.55, Seward (60° N., 149° W.). Slight.
May 13: 21.28, Whale Island. No details.
May 26: 6.46 and 10.12, Matanuska. No details.
June 17: 19.55, Chignik (56°.5 N., 158°.5 W.). Feeble.
June 20: 20.45, Fairbanks. Generally felt.
June 24: 22.05, Matanuska. Slight. No details.
August 2: 15.13, Fairbanks. Slight.
August 12: 15.20, Matanuska. No details.
August 15: 12.50, Fairbanks. Generally felt. Walls, doors, and tables swayed.
September 28: 20.05, Seward. Slight.
October 1: 7.30 (120th meridian time), Juneau (58°.5 N., 136°.5 W.). Slight.
October 25: 1.40, Steelmute (62° N., 157° W.). No details.
November 2:. 6.40, Chignik. Slight.
December 8: 16.30 and 20.15, Circle Hot Springs (65° N., 145° W.). Slight.
December 24: 18.58, Whale Island. No details.
December 26: 2.59, Kodiak, Alaska. Three shocks.
December 31: 9.41, Fairbanks. Slight.

HAWAIIAN ISLANDS
[157J^ meridian time]

NOTE. In the case of these islands with their many earthquakes of volcanic origin only the more severe 
ones are listed. Reports of the Volcano Research Laboratory under the jurisdiction of the United States 
Geological Survey and the Hawaiian Volcano Research Association give more details.

May 20: 18.52, Hilo. Felt strongly on eastern side of Hawaii and also in Kona
district to the west. A similar shock occurred May 25, at 20.17. 

October 20: 8.25, Hilo. Rattled chandeliers and threw bottles from shelves. 
October 30: 8.26, Waiohinu, Hawaii. Generally felt.

PORTO RICO
[60th meridian time] 

June 25: 8.05, San Juan and central Canovanes. Moderate.

PHILIPPINE ISLANDS
[Time is Greenwich civil time]

Only the more important shocks are included in this report. The source (through June 30) is the sies- 
mological bulletin of the Philippine Weather Bureau. That for the second half had not been received 
when this publication was ready for the printer, but advance information was available from the same source.

January 21: 4.48, northwest Luzon (18°.2 N., 120° E.). Force VI at Laoag. 
Felt from Pasaguin to Baguio.

January 25: 1.40, Mindanao (6°.6 N., 126°.7 E.). Felt over the southeast sec 
tion of the island.

May 19: 15.06, Luzon (20°.4 N., 120°.5 E.). Felt force V at Basco, Batanes 
Islands, and less on the north coast of Luzon.

December 22: Time unknown. Basco and northend of Luzon. Epicenter prob 
ably in Balintang Channel.



16 COAST AND GEODETIC SUKVEY 1930

PANAMA CANAL ZONE
[75th meridian time]

March 7: 22.44, Vicinity of Gulf of San Bias. Some walls were cracked at 
Balboa Heights and Cristobal. People rushed into the streets. Dishes 
were broken. Strongest shock since 1914.

July 30: 13.52, Balboa and Panama City. Cracks in buildings. People rushed 
into streets. Slight damage at Colon and Cristobal. No special damage 
reported from interior but widely felt. Epicenter probably 70 miles south 
west of Balboa between Aguadulce and Penomone.

September 10: Time unknown. A series of strong shocks reported from Boquete? 
in Chiriqui Province, Panama. Five shocks during the day and night.

LOUISIANA EARTHQUAKE OF OCTOBER 19

This earthquake was not recorded in a satisfactory manner on any seismo 
graph. The instruments at New Orleans and Spring Hill, Ala., were not in opera 
tion at the time. A study of the isoseismal lines indicates that the epicenter was 
at about 30°.0 N., 91°.0 W., or about 60 miles due west of New Orleans. 
It was felt over an area of approximately 15,000 square miles, including some 
water area. The maximum intensity reached VII at a few places. As usual 
there were wide variations in reports from the same region. Earthquakes are 
almost unknown in this region. Information of interest concerning the previous 
historyof the region has been obtained from the files of Harry Fielding Reid as 
follows: February 14 and 15, 1843. and April, 1882, slight shocks occurred. Also 
there was a slight shock on the Mississippi Delta at Burrwood on December 15, 
1927. Details regarding the shock as felt at various places follow:

INTENSITY V VII

Morgan City, La.  Felt by nearly all, many awakened; small objects over 
turned, doors and windows rattled, rapid motion lasted about 30 seconds. Entire 
church rocked, congregation rushed from church but returned shortly after. 
Another report says ground heaved gently 6 or 7 seconds.

Allemands, La. Felt by several; pictures fell, whole house shaken, rapid 
motion lasted about 1)£ minutes.

Donaldsonville, La. Felt by many; trees and bushes shaken moderately, 
hanging objects swung, walls creaked, windows rattled, rapid motion lasted 2 
seconds; 2 shocks; transom window shook open. Timber roof of Ascension Cath 
olic Church creaked loudly. Guests left 100-year-old lodging house when the 
structure began swaying.

Franklin, La. Felt by many, many awakened; some inside objects over 
turned, walls creaked and .windows rattled, slow motion lasted flHout 15 seconds; 
trees and bushes shaken slightly.

Napoleonville, La. Felt by many, many awakened; chimneys uamaged, win 
dows broken, inside objects disturbed, furniture moved, walls creaked.

White Castle, La. Felt by all, many awakened; plaster cracked, small objects 
overturned, wa^s creaked, windows rattled, rapid motion lasted 10-.to 15 seconds.

INTENSITY IV-V

Berwick,-La. Felt by nearly all, many awakened; inside objects disturbed, 
windows rattled, one pendulum clock facing west stopped; rapid motion lasted 
about 6 seconds.

Covington, La. Felt by many; students of St. Paul's College rushed from their 
beds into the yard, sisters at St. Scholastica's Academy thought trembling re 
sulted from blasting in neighborhood; nearly all residents awakened.

Plaquemine, La. Felt by many, many awakened; trees slightly shaken; 
hanging objects moved and windows rattled; rapid motion lasted 30 seconds; 
glass shaken from street lights.

Springville, La. Felt by all; walls creaked, windows rattled, rapid motion 
lasted about one minute.

State University, 2 miles south of Baton Rouge. Felt by nearly all; buildings 
creaked, beds shaken violently, barograph pen at university made vertical mark 
about one-eighth inch high; alarm quite general.
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INTENSITY IV

Algiers, Baldwin, Baton Rouge, Clinton, Convent, Franklinton, Houme, 
Lafourche Parish, New Orleans, Paincourtville, Port Alien, Port Vincent, Slidell, 
St. Francisville, St. Martinville, Tangipohoa Parish, Thibodaux, and Westwego.

INTENSITY III

Bayou Gonla, Bougalousa, Centerville, Hahnville, Olga, Opelousas, Letts- 
worth, Lutcher, Mandeville, New Iberia, New Roads, Patterson, Ramsey, 
Reserve, Rogillioville, and Tylertown.
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INSTRUMENTAL REPORTS ON PRINCIPAL EARTHQUAKES
STATION SYMBOLS

APIA Samoa.
BER Berkeley, Calif.
BROM West Bromwich, Eng 

land.
CHA Charlottesville, Va.
CHIU Chicago, University of.
CIN Cincinnati, Ohio.
CZB Balboa Heights, Canal 

Zone.
{Provisional epicenters are usually based on the tabulated data and preliminary reports from the addi 

tional stations listed]

DEN Denver, Colo. 
GEO Georgetown, D. C. 
HAR Cambridge, Mass. 
HON Honolulu, Hawaii. 
MAN Manila, P. I. 
MICH Ann Arbor, Mich. 
NOR New Orleans, La. 
NYF New York (Fordham).

OTT 
PAS 
SIT 
STL 
TUG 
VIC 
ZIK

Ottawa, Canada. 
Pasadena, Calif. 
Sitka, Alaska. 
St. Louis, Mo. 
Tucson, Ariz. 
Victoria, B.C. 
Zikawe], China.

Date and station

March Z6

[Origin, 7h 12°> 05'. Epi 
center reported by Jesuit 
Seismological Association, 
7.6° S., 124. 8° E. GEO, 
BER, OTT, VIC, STL, 
PAS, APIA, MAN]

Chicago....     .

Sitka--          

April 16
{Origin, 14h 30m 12-. Epi 

center reported by Jesuit
Seismological Association, 
probably 50° N., 132° W.
V1U, fell-/, JaOiti, <Ji!iUJ

Sitka        

Phase

PP
PS
S3

eSSS 
L 
F 

ePP
ePP 
ePS
eSS 
eSS 

L 
F 

eP
iS
L 
L 
F 

eS
ePS
iSS 

eSSS 
eL 
F

ePP
eS 

ePS 
eSS 

e 
eL 
eL 
F

e 
L 
F

eS
e 

L 
F 

eL
F

pCPI
eCSJ

F 
P
S

eL 
eL
F

Greenwich 
civil time

H. m. s. 
7 34 49

44 29 
53 23
58.2 

8 09.1 
36 

7 34 18
34 31 
43 48
51 18 
51 38 

8 08.4 
9 32 
7 25 12

34 29
44.8
51.5 

8 07 
7 37 31

39 12
44 32 
48 16 
51.3 

9 50 
7 32 30

33 00 
40 42 
42 34 
49 21 
49 28 

8 02 20 
03 06 
42

14 46 36
50.5 
51.3 

15 14

46.0 
46.9 

15 22 
14 45. 7
15 37
14 32. 6

34 28 
35 18 

15 48 
. 14 35 40

41.8 
44.6 

15 10

Date and station

April m

[Origin, 16h, 18m, 13«. Epi 
center, 50.5° N., 179.5° E. 
Aleutian Islands. VIC, 
OTT, MAN, CAM]

Sitka i.  . .......... .......

May 5

[Origin, 13h, 45.5m . Epi 
center, 17° N., 95° E. Ap 
proximate location. OTT, 
MICH, STL, MAN.ZIK]

1 Sitka           

Phase

eS
eL 
eLF- 
eP
iS 
iS 
e 

eL
F

nPP
iS 

eSS 
eL 
eL 
F

e

L 
F

eP
S 
e 
e 

eL 
F

F 
PP

ePS
eSS
eL 
eL
F

S3
e 
L 

eL 
F

PS 
eL 
eL 
F
S

S3 
L 
F

Greenwich 
civil time

H. m. s. 
16 38 12

47.1 
52 00
59 

16 28 26
36 37 
36 31 
43 00 
45.1

18 10 
16 26 10

30 34 
32 14 
33.0 
34.2 

17 35
16 25 00

28 38 
29 51 
33 40 

17 36
16 27 36

35 01 
37 18 
38 34 
41.3

17 <;i

15 05 00
10 00 

14 06 31
16.0 
24.0
42.0 
52.0 

18.2

33 44 
47.0 
54.5 

17 05

10 25
12 59 
27.2 
34.8 

17.0
14 10 27

16 56 
35.2 

15.8

See footnotes at end of table.
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Date and station

May 6

[Origin, 22h, 34">, 24". 
North Persia. MAN, 
ZIK, NYF, OTT, VIC, 
MICH]

Sitka          

May SO

[Origin, ll h 15.0m . Epi 
center, 51° N., 180° W. 
OTT, VIC, STL, MAN, 
ZIK]

Sitka......... ..............

[Origin, 10h 21.4"°. Epi 
center, 46° N., 132° W.
VIC]

Sitka          ..

Phase

iSKS
eS
eL 
F

iSKS
S 

IPS
eSS 

eSSS 
eL 
eL 

ePP
ePS
eSS

L
eL 
F 

ePP
eSP
eSS 

iL 
F eP'

PP
SKS 

S 
S 

IPS 
SS 
eL

S
eL 
F 
P
iS 

eL
F

i(S)
e(L) 

iL 
F 
P
S 
L 
F

L
F

iL
F 
L
F

e(S)
iL 
F 
P
S 
L 
F

Greenwich 
civil time

H. m. s.
22 57 47

58 53
23 15. 4 
25.6 
22 57 55

58 19 
59 18

23 04.5 
08.1 
11.8 
14.0 

22 55. 1
23 04 10 

10.5
21.9 
28.0 

24.5

59.9
23 05. 7 

23.7 
24.5 
22 53 08

53 21 
59 23 

23 00 35 
00 46 
02 28 
08.0 
18.3

11 35 00
49.0 
46 

11 25 10
33 16 
42.0 

12 44 
H 27 22

29.5 
30.8 

12 41 
11 25 13

29 38 
31.8 

13.9

10 41. 0
11 10
10 38 05

55

58.0 
10 26 03

26 32 
11.9 
10 25 32

29 34 
32

11.5

Date and station

June 11

[Origin, Oh 48.7">. Epi 
center, 6° S., 144° E. 
Epicenter reported from 
Wellington. GE 0, VIC, 
STL, APIA]

Sitka.          

June 12 '

June IS 

[Origin, Oh 53"> 65".
Epicenter, 52° N., 172° W. 
NYF, STL, MAN]

Sitka"-        

Phase

ePS
SS 
SS 
eL
F 

PP
ePS

SS
sss

L
eL
F 

eP
S 

eL 
L
F
S

SS 
L 
F 
S

eSS 
iLq 
iLr 

F

eL
F 
P

e(L) 
iL 
L 
F

L
F 
P

eP 
e 
L 
F

eS
L
F
iS
e 

eL 
F

e(S)

F

L 
eP
P 

PP
e
e 
L 
F

Greenwich 
civil time

H. m. s.
1 20.5

26.4 
28.0 
41.0

3.2 
1 09.9

19.5 
26.3 
30.4 
39 
*4

3 3 
l' 58.8
2 07 41 

14.0 
16.9 

3 09
1 12 51

20.7 
36.2 

3.1
1 14 15

22.1 
31.6 
36 38 

3 24

9- 59.1
10 08 

9 50 42
55 12 
55 49 
57 20 

10 11

9 57.6
58.1 

10.1 
9 49 57

50 02
51 57 
52.1 

10 03

1 12 44
24.7 

2 22 
1 11 0»

16.1 
21.3 

2 26
1 05.7

08.7
2 38 
1 02 43

07.2 
1 02 42

02 37 
04 34 
09 18
09 2& 
15.4 

2 04

See footnotes at end of table.
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Date and station

June $5 
fOrigin, 10i> 17"> 38'. Epi-

cfenter, 16° S., 75° W. 
GEO, OTT, NYF, STL]

Sitka.  . ................

June SB 
1 Origin 12*" 05"> 45«. Approx-

63° W. GEO NYF, 
STL]

Chicago.. ..................

Sitka.......................

Tucson .....................

Julys 
[Origin, 21b 03.6». Epi

center, 27.5° N., 90° E. 
Epicenter reported by 
Strasbourg. GEO, OTT, 
STL]

Chicago. .. .................

Honolulu  .................

Sitka.......................

Phase

eS
eS 

e 
eL 
F
iS

i 
L 
L
F 

(S)
e 
L
F

8E8
L
L
F 

eP
eP 
iS 
e 

eL
F

e(P)
<5

(S)
(L) 
eL 
F

L
F 

(P)<2
F

ePP
eS 

ePS 
eL 
L 
F

PP
PPP
SKS 

i 
iPS 
88 
L
L 
F 

PP
S 

88 
L
F 

iP
iPP

S 
88 

S88
iL
iL 
F

Greenwich 
civil time

H. m. a. 
10 34 17

34 32 
38.0 
43.1 

11 14 
10 35 28

37 18 
44.2 
45.0 

11 37 
10 41.2

46.5 
11 02.1

52 
10 41. 2

55.2
11 02.8 
12.0 
10 27 54

27 46 
35 44 
37.3 
43.2

11 29

12 11 16
15 08 

13 04 
12 17 00

22.6 
21.5 
42 

12 25. 1
39.2 

13.2 
12 14. 1

20.3 
33 
50

21 23 36
30 55 
33 24 
51.0 

22 00.0 
23 37
21 22 51

25 34 
28 54 
30 52 
32 32 
38 47 
46.7
57 

23 48 
21 21 48

28 25 
35 30 
45 00

22 48 
21 16 35

20 05 
27 00 
33 34 
38 50
47 20 
50 06 

24 55.0

Date and station

July S  Continued

July IS »

Charlottesville ".. ........

Sitka u. ............. _ ....

July U

[Origin, 22»" 40.2">. Epi 
center, 13° N., 89° W. 
GEO NYF, OTT .CAM, 
STL, BER]

Chicago n. .................

Sitka ».......  .. ___

Tucson.    .   __ . ......

Phase

PP
e 

PPP
S

ePS
eSS 

eSSS 
F

i 
F
e?
e 

S, L 
iL
L 
L 
F 

eP
IS 
iL 
eL 
P

S? 
S? 

eL(S) 
L
L 
L
F

P
S 
L 
L 
Fo"P

ePP 
iS 
L 
F 

ePP

IS 
i 

iL 
F

ePPP
iS 
e 

L
L 
F 

eP
ePP

iS
iSS 
iL 
F 
P
S 
L 
F

Greenwich 
civil time

H. m. s. 
21 22 50

23 50 
26 06
29 44
33 32 
40 40 
45 24 

23.6

1 11 52
12 48 
23

1 06 35
06 49 
08 05 
08 31
09 03 
10 08 
46 

1 02 49
06 36 
08 09 
09 20 

1 02 47
05 33 
05 43 
06 26 
06 55
07 06 
09.0 

1 30

22 43 24
45 50 
46 34 
47 28 

23 30
OO Aft 1 0

47 50 
50 44 
53 00 

0 36 
22 46 47

49 23
51 07 
53 15 
55 10 

24 58 
ft. m. «. 
22 55 35
23 00 00 

01 50 
07 40
10 15 

1 30 
22 50 07

53 00 
57 64

23 01 52 
11 59 

2 12 
22 46 12

50 52 
54 08 

1.0

See footnotes at end of table.
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Date and station

July ts

[Origin, 19i> 26.1m. Epi 
center, 44° N., 148° E. 
Hukuoka reports "S. E. 
of Itrup Island, Tisima 
Islands." GEO, NYF,
OTT, VIC, STL]

Sitkai.-.   ................

July 23

[Origin, Oi> 09.1m. Epi 
center, 41° N., 14°-E. Ap 
proximate determina 
tions. GEO, NYF, 
BROM, VIC]

Honolulu 1'.... ______ .

Sitkai......... .............

July 27

[Origin, 18i> 58.2m. Epi 
center, 12° N., 91° W. 
GEO, NYF]

Sitkai... ...................

Phase

eP
iS

eSS 
F 

eP
eS 
F
iS
L 
F 

iP
iS 
L 
F 

eP
eS 
eL 
F

ePPP
eS 

eSS 
eL 
F 

eS
e 
e 
L
F

L
F
iS

eL 
F 

eL
eL 
F

F
eP
eS 
eL 
F

iP
iS 

eL 
F
P
S 

eSS 
L
F

Greenwich 
civil time

19 38 31
49 00
55.0 

20 45 
19 37 51

47 45 
20 30
19 41 40

45 30 
20 25 
19 34 20

41 09 
44 39 

21 02 
19 37 26

46 57 
57 30 

20 25

0 24 36
28 52 
34.0 
42.0 

1 28 
0 29.3

29 41 
40 58 
51 18

1 30 
1 10.0

25 
31

0 30 40
44 35 

1 53 
0 50 52

51.9 
1 30

19 02
40

19 04 40
09 00 
14.5
57

15 52 
26 00 
59

19 04 06
08 33 
09 54 
11 55
50

Date and station

July 29

[Origin, 6!> 23.7m. Epicen 
ter, 12° N., 89° W. GEO, 
NYF, STL]

August 18

[Origin, 9 h 53.7m. Epicen 
ter, 54° S., 31° W. NYF, 
TUG, STL, GEO]

Sitkai- -   - .............

August ?9

[Origin, 8h 27.2">. Epicen 
ter, 8° N., 83° \V. NYF, 
GEO, STL]

Turson K.. .................

Phase

F 
P

eS 
e 

eL
F 

eP
eS

eSS 
eL 
F

eP
ePP

eSKS 
eSS 

L 
eL 
F 

eP
ePP

ePPP 
e 
e

ePS
eSS
eL 
F 

ePP
iPS 

L
F 

iP
iPP
iS8 

eSSS
g

eL 
F

P

L
F

eS

eL 
F

eL

eP
eL

Greenwich 
civil time

H. TO. ».

37 
6 29 56

56

34 44
35 40 
QQ n
59

37 38 
40 36 

7 00

10 08.0
11.7 
17.5 
26 40 
34 00 
41 20 

11 33 
10 11 28

19 49

14 50 
18 36 
20 10 
21.9

38 50 
12 32 
10 14. 0

25 20 
54 00

12 00

16 34
34 51 
39 13
47 55
56 13 

12 19

8 27 12
27 44
27 54 
41 26 

8 38 44
41.0
44 16 

9 30 
8 39 47

45 35 
9 34 
8 34 33

44.0

See footnotes at end of table.
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Date and station

October 8 

[Origin, 10h 19.5m . Epicen
ter, 12° S., 169° E. GEO, 
VIC, CAM, PAS, STL, 
MICH, MAN] .

October 17

[Origin, 8i> 46.6°". Epicen 
ter, 33° S., 72° W. La

in Aconcagna Valley, 
Chile. STL, PAS]

Chicago « _ ..-....-..-.. .

Tucson __   ___ . ___ .

November 9

ter, 4° S., 125° E. Re 
vised epicenter as re 
ported by Wellington. 
MAN, GEO, CAM]

Phase

ePS

e 
eL 
F 

iPP
SKS 

eS 
eS 

iPS 
eSS 

L 
F 

iP
PP 

iPPP
iS

SS 
iSSS

L
F 
P
S 

eSS 
L
F 

eP
eSKS 

eS 'e 
eSS 
eL 
F

eP
iS 

e 
eL 
F 
P
iS 

iS c S? 
eL 
F 

eL
F 

iP
e

eS
eSSS

eL
F

e 
eL
F

e

e 
e 

eL 
F

Greenwich 
civil time

H. m. s.
10 48 44

55 18
59 00 
50 00 

12 40 
10 38 18

44 27 
45 31 
46 01 
47 41 
53 35 

11 09.6 
12 58

29 30 
30 24 
34 59 
36.8 
39.0
40.8 

12 19

42 20 
47.6 
54.5

11 42 
10 32 21

42 49 
43 48 
47 09 
49.3 
59.2 

12 22

8 57 48
9 06 58 

11 31 
14.3 
50 

8 58 35
9 07 51 

08 19 
16.9 
50 

9 31.6
58 

8 58 19
9 03 10 

07 43 
16 16
21 25 
45

19 31 20
54.6 

20 09.0
21 44 
19 29 40

34 20 
37 20
41 01 
45 50 
55.8 

21 47

Date and station

November 9  Continued

November SS

[Origin, 19h 03.0m . Epicen 
ter, 35.1° N., 138.8° E. 
Epicenter reported by

sociation. STL, MAN, 
OTT, GEO, MICH, 
SJU]

Sitka.. ............. -.. 

November £8

ter, 18° N., 105° W. GEO, 
VIC, MICH, STL,
CAM, PAS, SJU]

Sitka.....   ...............

Phase

S
eL 
F
S
L
F

e 
eL 
eL 
F

e 
e

eL 
F 

eP
ePP
SKS

S 
ePS 

SS 
L 
F 
S 

SSS
L 
F
iS 

eSSS
eL 
F 
e

eS 
e 

eL 
F

e
eS 
SS 
L 
F 

eP
ePP

S 
SS 
iL 
F 
L
F
iS

iSS 
eL
F 

iP
e 

eS 
L 
F

Greenwich 
civil time

H. m. s. 
19 22 4&

27.0 
20 30 
19 32 15-

45 17 
20 42
19 33 57

37 34= 
44.0 

20 10. 0 
21 48

19 21 OO
27 54 
34 00 
42 38
45 GO- 

21 35 
19 16 11

20 27 
26 31
27 01 
28 08 
33 15 
45 21 

21 58 
19 20 30 

25 40
27 20 

21 04 
19 21 06 

27 40
31 40 

22 13 
19 15 3& 

19 Oft
26 04 
35 25 
38 20 

21 28

7 39 16
44 20 
46 50 
48 00 

8 42 
7 38 55

39 32 
43 33 
45 22 
47 23 

8 52 
7 53 09
8 38 
7 47 40

51 10 
55 30

8 42 
7 36 13

38 50 
39 07 
39 54 

8 47

See footnotes at end of table.
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Date and station

November SO 

[Origin, 21 h 30.6". Epicen
ter, 18° N., 106° W. 
MICH, NYF, BEB, 
STL]

Sitka... ....................

Tucson. _______ . .....

December S

[Origin, is* 51.8 . Epi 
center, 19° N., 96° E. 
BROM, NYF, STL, 
MAN, SJU] 

Charlottesville.. ............

Phase

eS
eSS 
eL
F

eSS 
eL
F 

eL
F 
L
F 

iP
e 

eL 
iL
 p

eSKS
eS 

ePS 
eSS 
eL 
F

Greenwich 
civil time

H. m. s. 
21 42 16

43 40
47 35

22 10
21 41 41

43 28 
45 24

22 33

22 20 
21 56 30
23 21 
21 34 08

36 44 
37 40 
37 33 

22 23

19 17 58
20 28 
22 22 
28 44 
41 08 

21 30

Date and station

December S  Continued 

Chicago... .................

Sitka... ....................

Tucson... ____ . ___ .

Phase

eS
iPS 

ePPS
ss

eSSS 
L
F

eS
ePS 

eL
F 

eSKS
ePS
eSS

i 
eL
F

eSKS
ePS 

e 
eSS 
eL 
F

Greenwich 
civil time

H. m. s.
19 19 26

21 51 
23 30 
28 23 
31 40 
51 40

21 30 
19 16 50

18 14 
30.0

20 45 
19 15 20

17 52 
22 50
29 42 
39 00

21 48 
19 17 54

22 31 
24 44 
29 18 
36 06 

21 27

»Nothing on N-S.
I Beginning lost while changing paper.
8 About 6 activities appear between PS and L.
4 F lost during adjustment of instrument.
* PS exceptionally active.
  N-S record lost; short period; small amplitude.
7 N-S record lost. Minute marker not operating; times questionable.

  Reported felt at Grover, Wyo., and near-by towns. 
'io P extremely weak; 2 L waves sharply denned. End-on record. 
» End-on type.
II Traces overlapping.
" OTT, NYF, GEO.
14 Felt in Montana.
ls Finish lost by overlap. Time uncertain.
18 Lu06 42, LN 08.1. End-on record.
" N-S record lost.
is E-"W obscured by microseisms.
" Slight.
* Slight near-by shock.
11 Weak record.
" Finish lost in next shock.
« Last part of N-S record lost.
14 Several local shocks superimposed on this record.
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SUMMARY OF INSTRUMENTAL RESULTS

1930

DatP KM Q - C " timeDate, 1930 Qf crigin

ft. m. 
Mar. 20.............' 7 12.1
Apr. 16... .._.._.. _.| 14 30.2
Apr. 26 _ .......... 16 18.2
May5    .   ... J 13 45.5
May 6_. ............ 22 34.4
May 20... -...-.-... 11 35.0
May 31.......-...-- 10 21.4

June 13 _______ 0 53.9
June 25.-. .......... 10 17.6

Do........------ 12 05.8
July 2.. ............! 21 03.6

July 14. ............I 22 40.2
July 22.. ....---...,! 19 26.1

July 27... .......... 18 58.2
July29... -.-.-..... 6 23.7

Oct. 8...-..---.-.-. 10 19.5
Oct. 17--*.....-..... 8 46.6

Nov. 25............. 19 03.0
Nov. 28............ 7 32.5
Nov. 30 .. -.-...-. 21 30.5

Region

Italy                         

  do                       

Chile                     

.....do... ...... ........ ...... .._   .       .
India                      

Provisional epi 
center (degrees)

7.6 S., 124.8 E.
50 N., 132 W.
50.5 N., 179.5 E.
17 N., 95 E.

51 N., 180 W.
46 N., 132 W.
68., 144 E.

52 N., 172 W.
16 S., 75 W.
17 N., 63 W.
97 c TJ on  p

13 N., 89 W.
44 N., 148 E.
41 N., 14 E.
12 N., 91 W.
12 N., 89 W.
54 S., 31 W.
8 N., 83 W.
12 S., 169 E.
33 S., 72 W.
48., 125 E.
35.1 N., 138.8 E.
18 N., 105 W.
18 N., 106 W.
19 N., 96 E.

1 Felt in northwestern Persia. »Felt at Qrover, Wyo. 8 Felt in Montana.

MISCELLANEOUS SEISMOLOGICAL ACTIVITY

GEODETIC WORK

During the year 1930 first-order leveling was rerun in southern 
California from Niland south to El Centre, from El Centre to Ja- 
cumba, and from El Centre eastward to Yuma, Ariz. The new 
leveling showed remarkably close agreement with the old except in 
three or four separate localities where divergences between the old 
and new leveling were larger than could reasonably be accounted 
for by errors in the leveling itself.

A new line of first-order levels was run from Lathrop, Calif., along 
the railroad to Bakersfield, Calif.

During the months April to July, 1930, observations were com 
pleted on the arc of first-order triangulation in the vicinity of Point 
Reyes, Calif. This triangulation extends from the coast in the 
vicinity of Point Reyes northeastward to the vicinity of Napa, 
Calif., and consists of a first-order arc with many second-order 
stations located in the vicinity of the fault lines.

Another arc of first-order triangulation was extended from the 
coast of California in the vicinity of Point Pinos northeastward to 
Mariposa Peak during the months August to November, 1930. 
Numerous stations were established with second-order accuracy 
along the various fault lines crossed by this arc of triangulation.
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HYDROGRAPHIC WORK

Vessels of the Coast and Geodetic Survey are directed to make 
reports of visible or felt effects of earthquakes. Except for two 
slight shocks felt in the region of San Francisco no reports were re 
ceived for the period covered by this report.

TIDAL OBSERVATIONS

Tidal records from the numerous gages on the Atlantic and Pa 
cific coasts were examined. No records due to so-called tidal waves 
were found.
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INTRODUCTION

This publication is a summary of earthquake activity in the United 
States and the regions under its jurisdiction for the calendar year 
1931. The period up to 192T for the United States is covered (for 
all except minor earthquakes) by Special Publication No. 149 of this 
bureau, Earthquake History of the United States Exclusive of the 
Pacific Region, and by several publications for the Pacific region. 
These include the Holden and McAdie catalogues x and a forthcom 
ing publication of the Seismological Society of America which will 
extend the record through 1927. The period from 1928 on is cov 
ered by the series to which the present publication belongs.

Earthquakes of volcanic origin in the Hawaiian and Philippine 
Islands are not included, and only severe shocks are included in the 
case of the Philippine Islands, as complete reports are published by 
the Manila Central Observatory. Earthquakes adjacent to the 
United States and felt within its borders are described only in a gen 
eral way when detailed descriptions are published elsewhere. The 
instrumental results are given for the principal earthquakes of the 
year regardless of location.

The noninstrumental information has been furnished by a large 
number of individuals and organizations whose voluntary coopera 
tion has made it possible to prepare descriptions of the earthquakes 
of this country with a completeness and accuracy never before at 
tained. Lack of space prohibits giving individual credit to all of 
these cooperators. The principal sources of information are as 
follows:

United States Weather Bureau.
Division of geology and geography of the National Research Council.
Central office of the Jesuit Seismological Association at St. Louis, Mo.
The San Francisco field station of the Coast and Geodetic Survey, cooperating 

with the Seismological Laboratory of the Carnegie Institution and California 
Institute of Technology (H. O. Wood, research associate, in charge), University 
of California (Perry Byerly in charge of the Seismological station), and Stan 
ford University. These persons are usually responsible for instrumental deter 
minations of epicenters in California when given. Among the commercial 
agencies in this section there are a number of cooperators, including the Pacific 
Telephone & Telegraph Co., Great Western Power Co., National Board of Fire 
Underwriters, Southern California Telephone Co., Standard Oil Co. of Cali 
fornia, Associated Oil Co., Southern Pacific Railroad, San Diego & Arizona 
Railway Co., Associated Factory Mutual Fire Insurance Cos., and Clay Products- 
Institute of California; also a large number of other organizations and indi 
viduals. In 1931 the Board of Fire Underwriters of the Pacific, with more than 
20,000 correspondents, and the Southern Sierras Power Co. were added to this 
list. The active cooperation of the Supervisor of Geology (H. E. Culver) f 
department of conservation and development, Pullman, Wash., was also enlisted.

The large number of reports received from Alaska in 1981 is due largely to 
the successful efforts of Dr. C. E. Bunnell, president of the Alaska Agricultural 
College and School of Mines, in organizing a corps of volunteer observers.

1 Smithsonian Miscellaneous Collections, 1089. A Catalogue of Earthquakes on the 
Pacific Coast, 1769-1897. Edward S. Holden. Smithsonian Miscellaneous Collections, 
1721. Catalogue of Earthquakes on the Pacific Coast, 1897-1901. Alexander G. McAdie.
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Press dispatches (received through the courtesy of Georgetown University). 
Telegraphic reports collected by Science Service. This cooperative service 

was inaugurated in 1925. 
Reports from individuals. 
Bulletin Seismological Society of America, 1931.

In addition to the above sources of information, the Coast and 
Geodetic Survey, or its field station at San Francisco, canvasses all 
areas affected by shocks of unusual intensity. In this way the extent 
and the maximum intensities of all heavy shocks are determined and 
the data are usually sufficient to construct isoseismal maps. The 
destructive features of these shocks are enumerated in the abstracts, 
but otherwise the descriptive matter is reduced to a minimum. The 
original reports are open for inspection by anyone interested in 
unpublished details.

CHANGE IN INTENSITY SCALES

Beginning with this publication, the Coast and Geodetic Survey is 
using the Modified Mercalli Intensity Scale of 1931 in place of the 
Kossi-Forel scale to designate the intensity of earthquake activity. 
All intensity numbers therefore refer to the new scale. The reasons 
for this change are set forth in an article entitled "Modified Mer 
calli Intensity Scale of 1931," by Harry O. Wood and Frank Neu 
mann, in the December, 1931, number of the Bulletin of the Seismo 
logical Society of America, volume 21, No. 4. This article contains 
the original unabridged scale, which is too lengthy for publication 
here, and also an abridged scale. The latter is given here together 
with equivalent intensities according to the Rossi-Forel scale.

MODIFIED MERCALLI INTENSITY SCALE OF 1931

[Abridged]

I. Not felt except by a very few under especially favorable circumstances. 
(I Rossi-Forel scale.)

II. Felt only by a few persons at rest, especially on upper floors of buildings. 
Delicately suspended objects may swing. (I to II Rossi-Forel scale.)

III. Felt quite noticeably indoors, especially on upper floors of buildings, but 
many people do not recognize it as an earthquake. Standing motor cars 
may rock slightly. Vibration like passing of truck. Duration estimated. 
(Ill Rossi-Forel scale.)

IV. During the day felt indoors by many, outdoors by few. At night some 
awakened. Dishes, windows, doors disturbed; walls make cracking 
sound. Sensation like heavy truck striking building. Standing motor 
cars rocked noticeably. (IV to V Rossi-Forel scale.)

V. Felt by nearly everyone; many awakened. Some dishes, windows, etc., 
broken ; a few instances of cracked plaster ; unstable objects overturned. 
Disturbance of Irees, poles, and other tall objects sometimes noticed. 
Pendulum clocks may stop. (V to VI Rossi-Forel scale.)

VI. Felt by all; many frightened and run outdoors. Some heavy furniture 
moved ; a few instances of fallen plaster or damaged chimneys. Damage 
slight. (VI to VII Rossi-Forel scale.)

VII. Everybody runs outdoors. Damage negligible in buildings of good design 
and construction; slight to moderate in well-built ordinary structures; 
considerable in poorly built or badly designed Structures; some chim 
neys broken. Noticed by persons driving motor cars. (VIII Rossi- 
Forel scale.)

VIII. Damage slight in specially designed structures; considerable in ordinary 
substantial buildings with partial collapse; great in poorly built struc 
tures. Panel walls thrown out of frame structures. Fall of chimneys, 
factory stacks, columns, monuments, walls. Heavy furniture over-
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turned. Sand and mud ejected in small amounts. Changes in well 
water. Disturbs persons driving motor cars. (VIII+ to IX to Rossi- 
Forel scale.)

IX. Damage considerable in specially designed structures; well-designed frame 
structures thrown out of plumb; great in substantial buildings, with 
partial collapse. Buildings shifted off foundations. Ground cracked 
conspicuously. Underground pipes broken. (IX+ Rossi-Forel scale.) 

X. Some well-built wooden structures destroyed; most masonry and frame 
structures destroyed with foundations; ground badly cracked. Rails 
bent. Landslides considerable from river banks and steep slopes. 
Shifted sand and mud. Water splashed (slopped) over banks. (X 
Rossi-Forel scale.)

XI. Few, if any (masonry), structures remain standing. Bridges destroyed.
Broad fissures in ground. Underground pipe lines completely out of
service. Earth slumps and land slips in soft ground. Rails bent greatly.

XII. Damage total. Waves seen on ground surfaces. Lines of sight and level
distorted. Objects thrown upward into the air.

EXPLANATORY NOTES

Within the United States the same regional arrangement has been 
followed as in Special Publication No. 149, previously mentioned, 
except that Washington and Oregon have for convenience been 
treated separately from California.

The published epicenters have been determined at the Washington 
office unless otherwise stated. Quite often they represent the mean 
of the positions determined by the bureau and the central station 
of the Jesuit Seismological Association cooperating with Science 
Service. Immediate epicenter determinations from telegraphic re 
ports are frequently made through the cooperation of these institu 
tions and individual seismograph stations and the results broadcast 
without delay to Europe and points in the Pacific. As the published 
epicenters are based on only a portion of the available data, they 
must be considered provisional.

In the noninstrumental reports an asterisk (*) indicates that the 
time is taken from an instrumental report and is reliable. In other 
instances quite large deviations are frequently reported. In the case 
of California, earthquakes reported as feeble at only one point are 
not plotted on the epicenter map of the United States, nor are minor 
aftershocks plotted for heavy earthquakes in California or any other 
region. The reader should bear in mind that the information service 
in California has been developed to a point not approached in any 
other section of the country.

Time is indicated as continuous from 0 to 24 hours, beginning and 
ending with midnight. In the noninstrumental reports local stand 
ard time is indicated. All instrumental results are expressed in 
Greenwich civil time.

EARTHQUAKE ACTIVITY IN THE VARIOUS STATES

Alabama: Moderate shock on May 5.
Arizona: Moderate shocks on April 17 and July 28.
Arkansas: Slight shock on December 10.
California: There were no shocks of outstanding importance. Two strong 

shocks on August 23 and September 9 originated quite a distance off the 
coast of northern California. Another in the Southern Sierras on Sep 
tember 23 occurred in sparsely settled country. Only the last two were 
observed with intensity VI.

Connecticut: Slight shock on June 30.
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Idaho: Slight shocks on January 6 and March 11. 
Indiana: Slight shocks on January 5 and December 31. 
Kentucky: Slight shocks in western part on April 1 and April 6.

Maine: A shock originating in the St. Lawrence Valley on January 7 was felt
with moderate intensity. 

Massachusetts: Slight shock on May 4. The Lake George shock of April 20
was felt in the western part of the State.
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Mississippi: An unusually widespread shock for this region occurred on De 
cember 16.

Missouri: Feeble shock reported from Kansas City on August 9. 
Montana: Slight shocks on June 8 and October 6. 
Nevada: Slight shocks in western part on January 21 and June 5. 
New Mexico: Force VI shock at Albuquerque on February 4. Other shocks of

slight intensity on January 27, February 12, and April 7. 
New York: Force VI shock at Lake George on April 20. Slight shocks at other

points on May 4, June 6, and November 3. 
Ohio: Force VII shock at Anna on September 20. Other slight shocks on

March 21 and June 10. 
Oregon: Moderate shock on August 16; feeble one on September 3. Shock

observed offshore on October 1. 
South Carolina: Slight shock on May 6. 
South Dakota: Slight shock on January 17. 
Tennessee: Moderate shocks on July 18 and November 27. 
Texas: Force VIII shock at Valentine on August 16 was the outstanding shock

of the year in the United States. Moderate aftershocks on August 18 and
November 3.

Utah: Moderate shocks on March 8, April 10, and June 2. 
Vermont: Canadian shock of January 7 felt in northern part. 
Virginia: Feeble shock on October 5. 
Washington: Two sharp shocks on April 17 and December 31. Slight shocks on

January 20, April 17, May 28, June 11, August 19, September 18, December
8 and 29.

Wisconsin: Slight shock on October 18. 
Wyoming: A series of moderate shocks in Yellowstone Park from August 25

to 27. One slight shock on September 20.

NORTHEASTERN REGION
[75th meridian or eastern standard time]

January 7: 19.14. Felt in New England. Epicenter near Baie St. Paul, Prov 
ince of Quebec, according to the Dominion Observatory at Ottawa, Canada. 
In the New England region it was felt with force IV at Island Pond, Vt, 
and Bradbury, Millinocket, Portage, and Stockholm, Me.; force III at 
Canaan, Vt., and Mountain Township, Caribou, and Van Buren, Me. It was 
also felt at Madawaska, Perham, Portland, Hobbstown, Soldier Pond, and 
Stratton, Me.

April 20: 1454. Lake George, N. Y. Intensity VII. (43°.4 N., 73°.7 W.) 
(See map.) The position of the epicenter was determined from the non- 
instrumental data as only a few stations recorded weak preliminary 
tremors.

Warrensburg was nearest the point of maximum intensity. A score of 
chimneys were reported to have been knocked down there, some walls were 
slightly cracked, and a cross on a church spire was twisted out of shape. 
A small landslide was reported on McCarthy Mountain. At Glens Falls 
walls were cracked, dishes broken, and clocks stopped. At Lake George 
buildings swayed and store goods fell from the shelves. Pendulum clocks 
stopped. At Lucerne chimneys and cars swayed. Some chimneys were 
slightly damaged and window lights broken. A church spire was observed 
to sway. About 1,000 square miles, embracing the southern half of Lake 
George, were shaken rather strongly. The shock was perceptible over 
about 60,000 square miles. A canvass of the area brought out a peculiar 
feature in that there was an apparent absence of any disturbance in the 
region of the Catskill Mountains which corresponds in position to the promi 
nent indentation of the outer isoseismal curve just below Albany. Not one 
of a dozen or more reports in the locality indicated that the shock was felt. 
The apparent invulnerability of the Catskills to vibrations from slight 
earthquakes originating near by was also indicated quite clearly in the case 
of the Attica, N. Y., earthquake of August 12, 1929.

The intensity distribution was as follows: VII at Glens Falls, Lake 
George, Lucerne, and Warrensburg, probably strongest at the latter; VI at 
Big Bay (near by), Corinth, Fort Edward, French Mountain, Hudson Falls, 
Saratoga, Smiths Basin, Thurman, Ticonderoga, and Whitehall; V at 
Albany, Ballston, Granville, North Creek, Salem, and Troy; IV at Belcher,
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Conklingville, Greenwich, Johnstown, Mayfield, Minerva, Northville, Put- 
nam Station, Rensselaer, Schenectady, Schroon Lake, Stony Creek, West 
Day, Westport; III and under at Castleton-on-Hudson, Charlemont, Cheshire, 
Chester, demons, Cphoes, Dolgeville, East Greenwich, Glen Island, Hinckley, 
Ithaca, Mechanicsville, New Hartford, New Lebanon, New York Mills, Old 
Forge, Rome, Rotterdam Junction, Sand Hill, Scotia, South Wilton, Syra 
cuse, Utica, Waterford, and Watervliet in New York. Also felt slightly at 
Greenfield, Hinsdale, Holyoke, Northampton, Springfield, and Westfield, 
Mass.; Bellows Falls, Fair Haven, Poultney, and Rutland, Vt.; and Litch- 
field, West Goshen, and Winsted, Conn.

The shock was not felt at Ashokan, Chatham, Durham, High Falls, Hills- 
dale, Hunter, Millerton, Palenville, Rhinecliff, Sand Lake, Stephentown, 
Tivoli, and other near-by places. These are mentioned to indicate the lack 
of seismic activity in the Catskill Mountains south of Albany.

May 4-' 5.17, Amherst, Mass. Distinct shock shook houses and rattled dishes.
May 4: 13.43, Malone, N. Y. Feeble. Felt by very few.
June 6: 19.00, Rochester, N. Y. Feeble. No damage. Another lighter shock at 

21.30.

78' 76°

42

74' 72 70'

FIGURE 2. Area affected by Lake George shock of April 20

June 30: 21.45, New Milford, Conn. Moderate shock. Strongest at New 
Milford, where a theater audience was frightened. Many awakened. No 
damage. Felt also at Waterbury, Woodbury, Cornwall Bridge, and Kent.

November 3: 10.30, Canton, N. Y. Feeble. Dishes rattled lightly.

EASTERN REGION
[75th meridian or eastern standard time]

May 5: 7.18,* northern Alabama. (See map p. 9.) Felt over an area of 6,500 
square miles exclusive of isolated points in Georgia and possibly South 
Carolina. Force V at Cullman, where objects fell from walls of a black 
smith shop and the shock was generally strong. At Birmingham it was 
generally observed and bricks fell from one chimney. The movements 
were accompanied by roaring sounds. They were reported also from Besse 
mer, Oneonta, Bernard, Lay Dam No. 5 (on the Coosa River 12 miles 
northeast of Clanton), Jones Valley, and 25 miles north of Tuscaloosa. 
Lighter movements were reported from Spring Junction, Colta, Clanton, 
Calera, Pell City, Leeds, Lincoln, Montgomery, and doubtful activity from 
Tuscaloosa, Gadsden, and Decatur. Camilla, Ga., reported feeling the 
shock. Recorded at St. Louis.
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May 6: 7.18, Due West, S. C., Feeble shock felt by many with sounds like dis 
tant thunder. Windows rattled. (It seems possible that this date should 
be May 5, corresponding to the time of the preceding shock.)

October 5: 22.15,* New Canton, Va. Feeble shock felt by several. Rather loud 
roaring sound heard. Recorded at Charlottesville at 22.15.34.

CENTRAL REGION
[90th meridian or central standard time]

January 5: 20.51,* Elliston, Ind. Force V. Windows rattled and dishes thrown 
from shelves in a few cases. Also felt at Bloomfield, Koleen, Mineral, New- 
berry, Worthington, Linton, Lyons, and Sandborn. Felt hardest in hill 
country east and north of Elliston. Recorded at St. Louis.

January 11: 12.45, White Lake, S. Dak. Slight shock felt by many. Trembling 
motion with loud sounds.

March 21: 9.48, Sidney, Ohio. Feeble shock felt at Sidney and Jackson Center.
April 1: 17.30, Lovelaceville and Hopkinsville, Ky. Feeble. Felt also at May- 

field, Ky., and Cairo, 111.
April 6: 9.40, Berkley, Bardwell, and Lovelaceville, Ky. Moderate shock, 

strongest at Berkley. Dishes rattled and pictures swayed.
June 10: 2.30? Malinta, Ohio, and surrounding region. Meteor, nitroglyceriii 

explosion, or earthquake? A large hole 10 feet wide was found in the road 
just outside of Malinta, and for 300 feet around telephone poles were 
broken, wires were down, and trees knocked over. A field of oats was 
crushed to the ground. Windows were broken several miles away, and 
thousands were awakened within a radius of many miles. No meteor was 
found. More probably an explosion. Buildings were shaken at Findlay. 
Felt also at Fostoria, Bluffton, Continental, Columbus Grove, and Wauseon, 
Ohio.

July 18: 8.40, Tiptonville, Tenn. " More severe than any in 10 or 15 years." 
General alarm. No damage. Also felt at New Madrid, Mo.

August 9: 1.15. Moderate at Kansas City, where dishes rattled and pictures 
swung. Felt in region to south and west, also in Overland Park, Merriam, 
Turner, and Bonner Springs, Kans., and Leeds, Mo. Weaker shocks oc 
curred at 0.20 and 1.05.

August 16: 5.40, west Texas. (See Western Mountain Region.)
September 20: 17.05,* Anna, Ohio. Intensity VII. (See map.) No instru 

mental determination of the epicenter was made, as the shock was recorded 
at only a few seismographic stations in near-by States, where very sensi 
tive instruments were in operation.

The disturbed area was in the western part of Ohio near the Indiana line. 
Moderate damage was reported from Anna and near-by towns. At Anna 
two large cornice stones were thrown from the Lutheran Church, a small 
exterior ornament fell off the Methodist Episcopal Church, plastering was 
shaken off the walls in the schoolhouse, several chimneys were thrown down 
and many others were damaged. At Houston there was some damage to 
brick walls and a few chimneys fell. At Sidney a number of chimneys 
were destroyed, a few plate-glass windows were cracked, and plaster fell 
from some walls. The average intensity in the epicentral zone, which was 
about 400 square miles in extent, was V, although at Anna it was at least 
VII. The shock was perceptible over an area of approximately 40,000 
square miles. A canvass of the region indicated the shock was felt with 
force VII at Anna; VI at Botkins, Houston, and Sidney; V at Arcanum, 
Coldwater, College Corner, Jackson Center, Lima, New Bremen, New 
Carlisle, Piqua, Rosewood, and Versailles; IV at Bellefontaine, Bluffton, 
Cairo, Camden, Casstown, Catawba, Celina, Christiansburg, Cincinnati, 
Clayton, Covington, Cridersville, Dayton, De Graff, Fletcher, Gomer, Hamil 
ton, Harper, Huntsville, Lakeview, London, Marion, Mercer, Montezuma, 
New Hampshire, New Paris, Pemberton, Pennton, Quincy, Russell's Point, 
St. Johns, Saint Marys, Spencerville, Springfield, Tippecanoe City, Troy, 
Uniopolis, Urbana, Van Wert, Wapakoneta, West Mansfield, and Zanes- 
field, in Ohio; Brookville, Brownsville, Decatur, Fort Wayne, Greensburg, 
Indianapolis, Liberty, Marion, Muncie, Pennville, and Richmond, in Indiana. 

Force III and under at Alpha, Athens, Bellbrook, Bell Center, Blanchester, 
Broadway, Brookville, Bryan, Bucyrus, * Cable, Carthagena, Chickasaw,
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Collinsville, Columbus, Convoy, Defiance, Delaware, Delphos, Dixon, Dun 
kirk, Eaton, Eldorado, Farmersville, Fort Loramie, Franklin, Gerrnantown, 
Gettysburg, Glandorf, Glenniore, Gordon, Goshen, Greenfield, Iron City, 
Irwin, Jamestown, Lancaster, La Rue, Laura, Lewistown, Logan, Lynch- 
burg, Maria Stein, Marysville, Mason, Mechanicsburg, Mendon, Middleburg, 
Minster, Napoleon, New Richmond, New Vienna, North Baltimore, North 
Lewisburg, North Hampton, Ohio City, Oregonia, Ottawa, Pandora, Phone- 
ton, Plattsburg, Pleasant Hill, Port Jefferson, Rockford, Seven Mile, South 
Charleston, South Solon, South Vienna, Tremont City, Trenton, 
Waverly, Waynesfield, Westboro, West Carrolton, West Liberty, West Man 
chester, Westminster, Westville, Williamsburg, Wilmington, Woodstock, 
Xenia, Yellow Springs, and Zanesville, in Ohio; Anderson, Berne, Cambridge 
City, Columbus, Connersville, Elwood, Hartford City, Huntington, Lawrence- 
burg, Lebanon, Madison, New Castle, Noblesville, Union City, Wabash, 
Williamsburg, and Winchester, in Indiana; Alexandria, Bardstown, Carrol- 
ton, Covington, Falmouth, Grant, Kenton, and Vanceburg, in Kentucky. 

October 18: 15.12, Madison, Wis. Feeble. Swaying motion felt by several.

olumbus
SEP. 20 c 

VII
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FIGURE 3. Area affected by Anna, Ohio, shock of September 20

November 27: 3.23,* Nashville, Tenn. Felt. Recorded at St. Louis.
December 10: 2.12,* Blytheville, Ark. Shook houses and rattled windows. No 

damage. Recorded at St. Louis and Little Rock.
December 16: 21.36,* northern Mississippi. Intensity VI. (See map.) An 

epicenter near Batesville, Miss., was indicated by a preliminary analysis 
of instrumental results at the University of St. Louis. The point of appar 
ent maximum intensity was Charleston, Miss., about 20 miles south. It 
was recorded instrumentally at stations in the central Mississippi Valley 
region and faintly at a few more distant stations. The shock was per 
ceptible over an area of about 65,000 square miles.

At Charleston cracks were made in the walls and foundation of the Agri 
cultural High School and several chimneys were thrown down. At Belzoni 
several buildings were damaged slightly and some plaster was thrown 
down. At Tillatoba one chimney fell, doors opened, a vase was thrown to 
the floor. At Water Valley several chimneys were damaged.

Intensity distribution: VI at Charleston, Belzoni, Tillatoba, and Water 
Valley, Miss.; V at Batesville, Cleveland, Hernando, Holly Springs, Indi- 
anola, Taylor, and Tupelo, Miss., Marianna, Ark., Raleigh, Tenn.; IV at
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Abbeville, Ackerman, Blue Mountain, Booneville, Clarksdale, Clayton, 
Coffeeville, Columbus, Corinth, Duncan, Enid, Etta, Fair Point, Gorin, 
Greenwood, Grenada, Hardy Station, Hollandale, Houlka, Houston, Itta 
Bena, luka, Kosciusko, Lake Cormorant, Meridian, Okolona, Oxford, Pace, 
Pittsboro, Pontotoc, Prichard, Ripley, Robinsonville, Sherman, Stoneville, 
Sumner, and Waterford, Miss.; Earle, Forrest City, Helena, and Searcy, 
Ark.. Germantown, Henderson, Memphis, and Selmer, Tenn.; Gainesville 
and Hackleburg, Ala.; III and under at Aberdeen, Ashland, Askew, Caroll- 
ton, Europa, Farrell, Fulton, Glen Alien, Greenville, Gunnison, Guntown, 
Hickory Flat, Holcut, Lafayette Springs, Nettleton, Paulding, Pine 
Valley, Potts Camp, Rolling Fork, Sardis, Sarepta, Scott, Tunica, 
West Point, and Yazoo City, Miss.; Marion, Oscebla, and Winchester, Ark.;

32'

FIGURE 4. Areas affected by northern Alabama shock of May 5 and northern Mississippi
shock of December 16

Adamsville, Alamo, Arlington, Bolivar, Brownsville, Dyersburg, and Sa 
vannah, Tenn.; Birmingham, Clanton, Decatur, Fort Payne, Millport, Mont 
gomery, Rivertou, Ilusselville, and Tuscaloosa, Ala.

December 31: Time unknown. Petersburg, Ind. Weak. Earthquake or mine 
blast?

WESTERN MOUNTAIN REGION

[105th meridian or mountain time]

January 6: About 14.00, McCall, Idaho. Moderate. Few details. Felt also at 
Council and Donnelly. Windows rattled and coffee percolator toppled at 
McCall.

January 27: (?) Albuquerque, N. Mex. "Recognized by several."
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February 4: 21.48,* Albuquerque, N. Mex. Force VI. Evidently strongly local 
ized. Hundreds left houses, many in pajamas, and many reported they 
were thrown from bed. Panic threatened in theaters as audiences rose to 
their feet and some started for exits. Ten-foot crack appeared in a bakery 
and bricks toppled from bake ovens. Goods were thrown from shelves of 
several stores. A hot-water tank fell from a wall and a pharmacy mirror 
was cracked. Some plaster was cracked and water spilled from indoor 
containers. Large rocks rolled into streets from sand hills about the city. 
It was evidently felt at Martineztown also. Recorded at Tucson. A feeble 
shock generally unnoticed was reported on February 3. The local press 
reported slight tremors on December 3, 1930.

February 12: 13.40, Las Vegas, N. Mex. Feeble.
March 8: 21.29, Elsinore, Utah. Slight.
March 11: 6.20, Montpelier, Idaho. Slight shock felt by many. Swaying 

motion.
April 7: 2.25, Socorro, N. Mex. Feeble.
April 10: 1.30, Cedar City, Utah. Feeble. Windows rattled.
April 17: 5.40, White River, Snowflake, and Standard, Ariz. Moderate. Felt 

also at Cibecue, Pinedale, Aripine, and Chrysotile. Recorded at Tucson.
June 2: 21.25, Lund, Utah.
June 8: 6.26 and 7.50, Helena, Mont. Feeble. Also felt at Ovando.
July 28: 1.40,* Cottonwood, Ariz. Force V. Pictures fell, dishes were broken. 

Strong at Jerome. Also felt at Peeples Valley, Clemenceau, Flagstaff, and 
Williams. Recorded at Tucson and Pasadena.

August 16: 5.40,* west Texas. Intensity VIII. (See map.) Area affected in 
Texas and adjoining States, 250,000 square miles; in Mexico, 200,000 square 
miles (estimated) total, 450,000 square miles. A preliminary study of 
instrumental results at the Washington office of the Coast and Geodetic 
Survey placed the epicenter at 29.'9° N. lat, 104.2° W. long., with time of 
origin II11 40m 15s , G. M. T. Prof. Perry Byerly, of the University of 
California, is undertaking a special investigation of the instrumental re 
sults, using all available material, but his conclusions are not available at 
this writing. The shock was strongly recorded on all seismographs in 
North America and to a moderate degree at stations all over the world. 
The region was canvassed for noninstrumental data. Numerous after 
shocks were felt in the epicentral region, many of them being recorded on 
the seismograph at Tucson. Strong aftershocks were recorded instru- 
mentally at 13h 33m (local time) on the 16th and at 1911 36m (local time) 
on the 18th.

The outstanding feature was the damage at Valentine, Tex., which was 
generally thought to be close to the focal point of the disturbance. Adobe 
buildings suffered most, although cement and brick walls were in some 
cases badly cracked. In one case a section of a low wall of reinforced 
concrete was broken and thrown down. All but frame, buildings were 
badly damaged and all brick chimneys toppled over or were badly damaged. 
The schoolhouse, consisting of one section built of cement blocks and 
another of brick, was reported to require practically complete rebuilding. 
Small cracks appeared in the schoolhouse yard. In other buildings adobe 
walls collapsed and in frame structures ceilings and partitions were dam 
aged. Tombstones in the cemetery were rotated in both directions, in some 
instances as much as a quarter of a turn. The population was more or less 
panic stricken, but there were no fatalities and only a few were slightly 
injured by falling adobe. This is accounted for by the fact that nearly 
everyone was sleeping outdoors.

Although Valentine bore the brunt of the shock, damage was reported 
from widely scattered points in Brewster, Jeff Davis, Culberson, and 
Presidio Counties, most of which was confined to cracked walls and some 
times badly damaged chimneys. Plaster was cracked and thrown down at 
Alpine. A report from Candelaria states " ground seemed to rise up in 
waves." Some cracked plaster resulted. At Castolon several walls cracked 
in an old adobe building. The postmaster at Hot Springs reported rock 
slides were heard at top of Chisos Mountains. Several chimneys fell at 
Fort Davis and a water tank split in a bottom seam. At Marfa a few 
chimneys were shaken down and small vertical cracks appeared in well- 
constructed adobe buildings. Several clocks stopped. At Porvenir land 
slides occurred, trees swayed, heavy furniture moved, plaster cracked
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slightly, and poorly built adobe structures were damaged. Water pipes 
were broken and bridges damaged at Ruidosa. Reinforced concrete and 
cement was damaged at Shatter. Landslides were reported heard in the 
mountains near Tesnus. Some walls were cracked at Madera Springs, 
Pecos, and Sierra Blanca. Several chimneys fell and walls cracked at 
Van Horn. In New Mexico a few vertical cracks appeared in walls at 
Artesia. At Carlsbad several chimneys were damaged and walls slightly 
cracked. There were slides of rock and dirt, from the hills near Picacho, 
where plaster also fell.

The earthquake was accompanied by subterranean sounds described as 
rumbling and roaring and at some places terrifying. They were heard over 
practically the entire affected area.

Intensity distribution : VIII at Valentine, Tex.; VII at Alpine, Candeleria, 
Oastolon, Chisos Mountains, Fort Davis, Marfa, Presidio, Porvenir, Ruidosa, 
Shafter, and Tesnus, Tex.; VI at Lajitas, Madera Springs, Pecos, Sierra 
Blanca, and Van Horn, Tex.; Artesia, Carlsbad, Picacho, N. Mex.; V at 
Abilene, Balmorhea, Barstow, Brady, Crane, El Paso, Fabens, Fort Stock- 
ton, Hamlin, Hot Springs, Karnes City, Knapp, Mexia, Monahans, Post, 
Reagan, Roby, Rotan, Sanderson, Stanton, and Sylvester, Tex.; Las Cruces, 
Orogrande, and Roswell, N. Mex.; IV at Ballinger, Benjamin, Big Spring, 
Brenham, Brownfield, Caldwell, Cameron, Clarendon, Colorado, Comanche, 
Cotulla, Crowell, Del Rio, Denton, Eagle Pass, Floydada, Frijole, Giddings, 
Gonzales, Grandfalls, Hondo, Hovey, Junction, Kernville, Lajitas, Lamesa, 
Lampasas, Levelland, Longfellow, McNary, Marathon, Mason, Menard, 
Meridian, Midland, Mineral, Muleshoe, New Braunfels, Odessa, Orla, Ozona, 
Pandale, Rankin, San Angelo, San Antonio, Seguin, Seminole, Smithville, 
Snyder, Sonora, Spur, Sterling City, Sweetwater, Tahoka, Taylor, Temple, 
Terlingua, Winters, and Uvalde, Tex.; Artesia, Carlsbad Caverns, La Luz, 
Lincoln, San Marcial, Tularosa, N. Mex.; III and under at Albany, Amarillo, 
Andrews, Angleton, Anson, Austin, Brackettville, Canyon, Carta Valley, 
Claude, Coleman, Corsicana, Dallas, Dickens, Dimmitt, Eastland, Eden, 
Flatonia, Fort Worth, Fredericksburg, Gail, Garden City, Gatesville, Gran- 
bury, Groesbeck, Haskell, Houston, Jacksboro, Jarrell, Jourdanton, Karnes 
City, La Grange, La Pryor, Llano, Lubbock, Miami, Nixon, Olton, Paducah, 
Paint Rock, Palo Pinto, Pearsall, Plains, Plainview, Post, Quanah, Robert 
Lee, Rochelle, Rock Springs, Sabinal, San Marcos, San Saba, Seymour, 
Silverton, Throckmorton, Vega, Waco, Weatherford, Wellington, Ysleta, 
Tex.; Albuquerque, Caballo, Carrizozo, Chanes, Cloverdale, Clovis, Cooper, 
Deming, Elk, Glenrio, Montoya, Tucumcari, N. Mex.; Hollis, Okla.

For the following statement concerning the geology of the region the 
Coast and Geodetic Survey is indebted to Prof. E. H. Sellards, associate 
director of the bureau of economic geology, University of Texas:

"The earthquake occurred in the mountainous region of Trans-Pecos 
Texas. The town of Valentine, where the maximum effect was felt, is 
located in an intermontane valley. At this place the valley is chiefly 
synclinal in nature, although it may be in part bounded by faulting. 
Northward the valley extends into New Mexico. In the Van Horn region 
this northward continuation of the valley, there known as the Salt Flat, is 
a graben or rift valley set off from the bordering mountains by faults that 
in places have a throw of several thousand feet. Southward from Valen 
tine the valley terminates near the Chisos Mountains. The valley as a 
whole is filled with debris from the bordering mountains and south and 
east of Valentine received extensive Tertiary lava flows. Towns east of 
Valentine, including Ryan and Marfa, are built upon the lavas. The struc 
ture lines in this part of Trans-Pecos Texas as indicated by this valley 
are prevailingly northwest-southeast.

" Southwest of Valentine, forming the margin of the valley in that 
direction, are the Tierra Vieja Mountains. On the opposite side and 
forming the northeastern margin of the valley are spurs of the Jeff Davis 
Mountains, which are chiefly volcanics of Tertiary time. Some of the 
mountains west of Valentine are heavily faulted, the faults having in the 
main a northwest-southeast trend. At its west margin the Tierra Vieja 
Mountains terminate by a -great fault forming the topographic feature 
known as the rim rock. Just how close to Valentine faulting occurs can 
not be determined owing to the valley fill. However, fault lines may and 
probably do exist in the valley underneath the fill."
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August 18: 13.36,* west Texas. Force V at Alpine, Pecos, Lobo, and Valentine;
IV at Carlsbad, N. Mex. This was preceded by a lighter shock at 2.42 on
the same day. Recorded at Tucson. 

August 24: 19.40, Yellowstone Park, Wyo. Nine miles north of south entrance.
Roar preceded rattling of camp equipment. Eighteen other shocks between
23.20 and 24.30. Building repeatedly rocked and dishes thrown down. 

August 25: 7.45, Yellowstone Park, Wyo. South end of Lewis Lake became
turbulent. Moderate. 

August 26: 4.00, Yellowstone Park, Wyo. South end of Lewis Lake. Moderate.
Felt also at south gate. Everyone aroused. 

August 27: Time not reported. Yellowstone Park, Wyo. South end of Lewis
Lake. Three small shocks in 24 hours preceding 5.00 p. m. 

September 20: 22.15, Laramie, Wyo. Moderate. Felt by nearly all. 
October 2: "To-day," El Paso, Tex. Feeble. 
October 6: 14.24, Helena, Mont. Feeble. 
November S: 8.50,* west Texas. Felt at Valentine. Aftershock of August 16

earthquake. Recorded at Tucson.

CALIFORNIA AND WESTERN NEVADA
[120th meridian or Pacific standard time]

ALL PLACES ARE IN CALIFORNIA UNLESS OTHERWISE STATED

January 2: 10.35, Upper Mattole. Feeble.
Jamiary 2: 21.49, Scotia and Alton. Force IV at Alton.
January S: 21.25, Ramona. Feeble.
January S: 22.00, Upper Mattole. Feeble. Another 10 minutes later.
Jamiary 4: 10.35, Upper Mattole. Feeble.
January 5: 1.43.* San Bruno and Burlingame shaken hardest. Force V with 

slight damage. Like an explosion. Force IV at San Mateo and El Granada. 
Also felt at San Francisco, Redwood City, Half Moon Bay, Pescadero, Santa 
Cruz, and San Mateo. Berkeley reports epicenter probably on San Andreas 
fault between San Mateo and Half Moon Bay. Recorded at Pasadena, 
Berkeley, Lick, and Palo Alto.

January 5: 3.15, Santa Cruz, San Mateo, Aptos, and Burlingame. Feeble. 
Additional shock at Burlingame at 4.10.

January 6: 15.29,* Chualar. Force V, with slight damage. Felt also at Hollister, 
Spreckles, Santa Cruz, and Aptos. Berkeley reports epicenter "probably 
5 to 20 miles east of Chualar." Pasadena reports record at 3.29 p. m. 
Recorded at other California stations.

January 7: 35.40, Upper Mattole and Scotia. Feeble. Upper Mattole reported 
feeble shock at 15.04.

January 7: 17.15, Briceland. Feeble.
January 8: Between 4.00 and 5.00, and 5.53,* Big Bear City and Barstow. Feeble. 

Latter strongest at Barstow, where doors and windows rattled. Many 
awakened. Recorded at Pasadena, where epicenter was reported near 
Barstow.

January 9: 23.58, El Granada. Feeble.
January 20: 2.30 (about), Willits. Moderate. Recorded at Berkeley. Many 

awakened. Feeble at Redwood Valley.
January 21: 3.20, Reno, Nev. Feeble.
January 23: 23.21. Orland and Las Plumas shaken hardest. Force IV. Shock 

preceded by sound. Windows and doors rattled. Also felt at Orville, Live 
Oak, Biggs, El Granada, De Sabla, Chico, Gridley, and Red Bluff. Recorded 
at Berkeley and Lick. Additional shocks reported at Orville, De Sabla, 
and Biggs.

January 28: 0.50.* Slight shock in southwest section of Los Angeles. Pasadena 
reports that the intensity probably did not exceed IV, with the stronger 
effects confined to an area about one and one-half kilometers in radius, 
centering at 34° 00' N. latitude and 118° 19' W. longitude. (See article by 
C. F. Richter in the Bulletin of the Seismological Society of America 
volume 21, No. 4, December, 1931.)

January 28: 23.24, El Granada. Feeble.
February 6: 23.40, Sargent. Slight. Small objects moved.
February 12: 13.25, Stanford University. Feeble.
February H: 13.49 and 19.19, Imperial. Feeble shocks.
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February 16: 5.27,* Riverside and Mentone. Force V. Slight damage. Also 
felt at Redlands, Rialto, and San Bernardino. Foreshocks at 0.12,* 2.12,* 
3.07,* and possibly others. Two additional shocks recorded at Pasadena. 
Epicenter near San Bernardino according to Pasadena.

February 17: 7.59, Sargent. Slight.
February 21: 0.10,* Piedras Blancas Light Station and Bryson. Two slight 

shocks. Pasadena reports epicenter "probably northwest of San Luis 
Obispo."

February 23: 2.01,* 2.33,* Templeton, Parkfield, and Cayucos. Force V. (See 
map.) Area affected less than 5,000 square miles. Slight damage. Force 
IV at Coalinga, Bern, Stone Canyon, and Bradley. Also felt at Paso Robles, 
King City, Priest Valley, Cholame, Santa Cruz?, Atascadero, Capitola, 
Bryson, San Miguel, Lockwood, Pinnacles, Mount Hermon, and San Ardo. 
Pasadena reports tentative epicenter T. 25 S., R. 14 E. M. D. B. and M. 
Aftershock reported from Parkfield and Golon?.

March 8: 6.35,* Tokonea. Feeble. Recorded in Pasadena, where epicenter was 
reported as off Santa Monica.

March 9: 19.30,* Humboldt County. Moderate. Some mercury was spilled at 
the Punta Gorda Light Station. Force IV at Arcata, Bridgeville, Fern- 
dale, and Upper Mattole. Also felt at Alderpoint, Briceland, Pollock, 
Shively, Weott, Whitlow, Alton, Miranda, Humboldt Bay Fog Signal, and 
Eureka. Recorded at Pasadena. Berkeley reports that earthquake cen 
tered some hundred miles west of Cape Mendocino.

March 10: 8.30, Whitlow. Feeble.
March 18: 14.00, Avalon. Very feeble.
March 31: 12.33,* Yorba Linda and Pomona. Feeble. Table displaced at Yorba 

Linda. Pasadena reports epicenter near Pomona. Recorded at Pasadena.
April 2: 3.00, Goat Island. Feeble, uncertain.
April 3: 21.45, San Francisco. Feeble.
April 3: 22.00, San Francisco region. Moderate. Force IV in San Francisco. 

May have been blast. Also felt at Fort Point Presidio and San Bruno.
April S: 23.45, Calistoga. Feeble.
April 4-' 4.00, Topanga. Feeble.
April 4: 19.00, Peachtree Valley (southeast of King City). Very feeble.
April 6: 0.07, Calistoga. Feeble.
April 15: 9.00, Laws. Very feeble.
April 23: 15.34,* Mohave Desert. Pasadena reports epicenter 35° 21' N., 117° 

36' W. Force IV near Mojave, at San Canyon, Freeman, and Dove Springs. 
Also felt at Trona, West End, Valyermo, Morena, and Eden. Press reports 
a few felt it at Calexico.

April 24: 10.28,* off shore near Los Angeles. Force V. Epicenter reported by 
Pasadena 33° 46' N., 118° 29' W. (See map p. 16.) Felt over an area of 
3,000 square miles on land. Slight damage. Force V at Redondo Beach, 
Manhattan Beach, Walteria, Bellflower, and 2 miles east of Torrance; IV 
at Point Vincente Light Station, Downey, and Palos Verdes. Also felt at 
Avalon, Bakersfield, Brea Cypress, Costa Mesa, Culver City, Compton, 
Dominguez, Ducor, Fullerton, Gardena, Huntington Park, Inglewood, Los 
Angeles, La Mirada, Long Beach, Lighthipe Substation, Laguna Bell, 
Lomita, La Fresa Substation, Morena, Norco, Point Fermin district, Point 
Loma Light Station, San Dimas, San Pedro, Santa Monica, San Fernando, 
Venice, Valyerme, and Wilmington.

April 25 
April 27 
April 27 
April 29

17.40, Humboldt Bay Fog Station and Eureka. Feeble.
15.10, Twentynine Palms. Moderate.
16.38, Rosamond. Feeble.
4.41,* San Fernando and Chatsworth. Force IV. Recorded at Pasa

dena. Pasadena reports epicenter as probably near Chatsworth.
May 2: 5.33,* Lake Arrowhead. Very feeble. San Bernardino Mountains ac 

cording to Pasadena.
May 6: 2.22,* Victorville and Adelante. Feeble. Pasadena reports epicenter 

T. 5 N., R. 4 W., San Bernardino Mountains.
May 7: 7.03,* Anza. Feeble. Probably San Jacinto fault according to Pasa 

dena.
May 10: 4.10, Point Cab^illo. Feeble.
May 20: 0.01, Eureka, Alton, Scotia, and Humboldt Bay Fog Station. Slight 

shock followed by another two hours later.
May 29: 2.43,* Calistoga. Feeble. Pasadena reports epicenter near Tejon Pass.



16 COAST AND GEODETIC SURVEY 1931

May 29: 11.30, Inyokern and Freeman. Feeble.
May 30: 12.00, Camp Angeles. Feeble.
May 30: 8.28,* Onyx. Very feeble. Pasadena reports epicenter near Brown,

Kern County.
June 3: 21.25, Greenville. Moderate. Walls creaked. 
June 3: 21.40, Quincy and Caribon. Moderate.

124° 118 C
42

34 34'

120' 118°

FIGURE 6. Areas affected by California shocks of February 23, April 24, August 23,
and September 9

June 5: 3.30, Punta Gorda Light Station. Moderate. All awakened. 
June 5: 4.45, Little Lake. Two weak shocks. 
June 5: 14.30, Upper Mattole. Feeble. 

"June 5: 18.10, Luning, Nev. Moderate. 
June 6: Between 1.00 and 2.00, Morgan Hill. Feeble.
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June 6: 23.45, Carmel. Force III. Also felt at Spreckels, Chualar, Capitola, 
Gonzales, Hollister, Salinas, and Santa Cruz.

June 9: 4.15, Alvarado. Force III. Felt also at Boulder Creek and Capitola.
June 9: 23.20, Santa Cruz and Olympia. Force IV. Felt also at Ano Nuevo 

Island Light Station, Boulder Creek, Laurel, Gilroy, San Jose, and Pigeon 
Point Light Station.

June 10: 4.20, San Jose, Alvisa, and Agnew. Force IV. Also felt at Alvarado, 
Santa Cruz, Saratoga, Gilroy, Boulder Creek, Centerville, Irvington, Laurel, 
Livermore, Los Gatos, Campbell, Davenport, Half Moon Bay, and Laurel.

June 10: 5.14, Brookdale. Feeble.
June 11: 23.00, Santa Cruz. Feeble.
June 16: 6.54, Morgan Hill. Feeble.
June 23: 8.54, Devore and Glen Ranch. Moderate. Also felt at Alta Luma, 

Rialto, Fontana, and Upland. Pasadena reports'first of 20 shocks at 7.50 
near Haiwee, which was center of largest group. 8.54 shock centered near 
Cucamonga.

June 28: 2.09, Richmond and Berkeley. Feeble. Felt also at Southampton 
Shoal Light Station and San Francisco.

June 29: Felt at Haiwee. Recorded by Pasadena.
July 18: A. m. early. Huntington Beach. Slight.
July 15: 3.15, Holtville. Feeble.
July 15: 10.40, Guadalupe, Santa Margarita, and Nipomo. Feeble.
July 15: 16.00, Holtville. Feeble.
July 16: 1.00 and 1.30, Holtville. Feeble.
July 17: A. m. Bakersfield. Force IV.
July 17: 22.39, Sacramento. Some plaster fell.
July 20: 19.25, San Luis Obispo. Feeble.
July 21: 4.08, San Luis Obispo and Santa Maria region. Force IV at Halcyon, 

Nipomo, Templeton, Oceano, and Los Alamos. Also felt at Port San 
Luis, Santa Maria, Santa Margarita, Goviota, Cambria, San Luis Obispo 
Light Station, Tank Farm, San Luis Obispo, and Piedras Blaiicas Light 
Station. Pasadena reports a shock centering near west coast of Santa 
Barbara County at 12.08.

July 21: 22.55, Hollister. Feeble.
July 27: 18.55, Huntington Beach. Feeble.
July 28: About 11.00, Moss Landing. Feeble.
July 28: 15.11, San Diego. Feeble.
July 30: 21.23,* Brawley and Yuma. Feeble. Recorded at Tucson and Pasadena.
August 4: 17.10, Fortuna and Cape Mendocino Light Station. Feeble.
August 8: 17.00, Eureka. Feeble.
August 12: 1.32, Santa Clara. Feeble.
August 13: 18.55, 3 miles east of Torrance and near Lomita. Feeble.
August 14: 6.15. Same.
August 15: 19.40r* Anaheim and surrounding towns. Feeble. Recorded at 

Pasadena.
August 17: 5.30,* Brawley. Feeble. Pasadena reports epicenter on Saint 

Andreas fault near Niland.
August 18: 11.47, Palm Springs. Feeble.
August 19: 8.50, San Mateo and Burlingame. Force IV. Felt from San Bruno 

to Redwood City.
August 19: 11.47, Cabazon and Palm Springs. Feeble.
August 21: About 8.50, Redwood City and San Mateo. Slight. Berkeley re 

ports epicenter " probably within 4 miles of San Mateo."
August 23: 10.01.35.* Epicenter off Cape Mendocino (40° .2 N., 125° .6 W.). 

Force VI. (See map p. 16.) Recorded at all North American seismograph 
stations and some others. Felt over an area of 4,500 square miles on land 
exclusive of isolated disturbed regions in Oregon. It was strongest along 
the lower course of the Eel River south of Eureka. At Punta Gorda Light 
Station the mantle of the revolving lamp was broken and some mercury 
was spilled. At other points the damage was only superficial, if any. At 
Garberville water spilled from outdoor containers and trees were slightly 
shaken; at Hydesville small objects were overturned.

Force VI at Punta Gorda Light Station and Hydesville; V at Alton, 
Briceland, Fernbridge, Garberville, Humboldt Bay Fog Signal, Eureka, 
Loleta, Metropolitan, and Pepperwood; IV at Alderpoint, Bayside, Beatrice, 
Bridgeville, Ettersburg, Fortuna, Honeydew, Petrolia, Rohnerville, Scotia, 
Samoa, Skelly, Trinidad, Weott. Also felt at Arcata, Blocksburg, Burnt
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Ranch, Branscomb, Bayview, Carlotta, Dyerville, Dos Rios, Falk, Fort 
Bragg, Freshwater, Fruitland, Ferndale, Farley, Hartsook, Holmes, Harrist 
Horbel, Miranda, Nashmead, Salyer, Table Bluff Light Station, Wadding- 
ton, Willow Creek, and Tenia. Also felt at Klamath Falls, Beagle, Curtiu, 
and Hugo in Oregon.

August 28: After 16. Alameda. Seismic?
August 23: About 21.00. Humboldt Bay and Willow Creek. Slight aftershock. 
August 29: 16.05, Avalon. Feeble.
August 80: 16.49,* Huntington Beach. Feeble. Epicenter in San Pedro chan 

nel according to Pasadena. 
September 8: 5.50,* Santa Barbara. Feeble. Epicenter near Santa Barbara

according to Pasadena.
September 5: 3.25, Richmond. Force IV. Also felt at Berkeley, Oakland, Lake 

Merritt, Mills College, El Cerrito, San Anselmo, and Southampton Shoal 
Light Station. Berkeley reports epicenter within 4 miles of University of 
California campus, northwest and very shallow depth. 

September 8: -6.40, Carlotta. Feeble.
September 9: 5.40.30.* Off coast near Eureka (40° .8 N., 125° .0 W.). Force 

VI. (See map p. 16.) Recorded at all North America stations and some 
others. It was felt over an area of 15,000 square miles, reaching maximum 
intensity along the lower course of the Eel River. In the wooded sections 
of Humboldt County limbs of trees fell and a roar was heard through the 
forests. Holmes and Blocksburg reported shock the heaviest since 1906. At 
Holmes vases, dishes, and small objects fell from shelves and milk was 
thrown out of pans. At Blocksburg pictures fell and bricks were reported 
dislodged. At Fernbridge a clock fell and slack wires became alternately 
loose and taut. Chimneys were damaged at Weott and a church bell rang 
at Ferndale.

Intensity distribution: VI at Blocksburg, Dyerville, Fernbridge, Ferndale, 
Holmes, and Weott; V at Alderpoint, Briceland, Bell Springs, Branscomb, 
Covelo, Chico, Dos Rios, Eel Rock, Eureka, Fort Seward, Fruitland, 
Fortuna, Garberville, Island Mountain, Kneeland, Miranda, Pepperwood, 
Punta Gorda Light Station, Scotia, Skelly, Upper Mattole, Whitlow, and 
Zenia; IV at Alton, Bayside, Benbow, Beatrice, Bridgeville, Cape Mendocino 
Light Station, Ettersburg, Edom, Fort Bragg, Forest Glen, Hartsook, 
Hydesville, Harris, Hayfork, Little River, Metropolitan, Mecca, Mina, 
Petrolia, Rohnerville, Samoa, Westport, and Waddington. Also felt at 
Arcata, Comptonville, Elsmore, Farley, Gerber, Humboldt Bay Fog Signal, 
Isaiah, Las Plumas, Nashmead, Orick, Point Cabrillo, Red Bluff, Seven 
Oaks, Table Bluff Light Station, Vina, and Willits.

The irregular distribution of data makes it difficult to construct a satis 
factory isoseismal map. Aftershocks were reported from Kneeland and 
Fruitland at 6.16; from Eel Rock, Hayfork, and Scotia at 6.45; from 
Fortuna, Scotia, and Waddington at 16.30.

September 9: 20.36,* Indio and Palm Springs, Riverside County. Force IV. 
Felt also at Elsmore, Seven Oaks, Shaverswell, Edom, and Mecca. Re 
corded at Pasadena. Palm Springs reported another shock at 21.30. 
Pasadena reports epicenter at Township 1 S., Range 2-3 E. 

September 10: 5.30, Chico. Feeble. 
September 10: 6.35, Atascadero. Moderate. 
September 19: 22.41, Cape Mendocino Light Station. Feeble. 
September 20: 1.50, Kern River Power House No. 3 and Kernville. Moderate. 
September 23: 0.25,* 5 miles southeast of Aberdeen. Force VI. Water buckets 

upset, concrete very slightly damaged. Also felt at Division Cr. Power 
Plant (Aberdeen), Big Pine, Haiwee Power House, and Cottonwood Power 
House (Lone Pine). Laws reported shock at 1.30. Big Pine reported 
aftershock at 2.25. Recorded at Pasadena. Pasadena reports epicenter in 
Owens Valley near Tinemaha.

September 24: Between 9.00 and 10.00. Ontario. Slight. Earthquake or blast? 
September 25: 7.32, Katella Substation, 3 miles south of Anaheim. Four short

shocks. Feeble.
September 30: 6.35, Atascadero. Moderate.
September SO: 7.46,* San Diego, Santa Ysabel, and Jamul. Press reports shock 

felt at El Centro. Pasadena reports epicenter near the head of Gulf of 
California.

October 1: 3.45, San Diego. Feeble. Recorded on magnetograph at Tucson. 
Epicenter in Lower California.
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October 1: 8.34,* Dixieland. Feeble.
October 4: 12.30, Big Bear City. Feeble.
October 6: 17.15, Big Bear City. Moderate.
October 7: 15.30, Norco. Moderate.
October 7: 16.07,* Ontario, Riverside. Feeble. Pasadena reports epicenter at 

34° N. latitude, 118° 35' W. longitude.
October 9: 5.30, Ruth. Feeble.
October 9: 11.50, Antelope Valley. Force V. Mining property and a house 

slightly damaged. Press reports shock at Salinas and Marina district of 
San Francisco. Berkeley estimated epicenter 90 miles away. Two epi 
centers probable.

October 9: 15.28,* Elsinore, Escondido, and Potrero. Feeble. Epicenter near 
head of Gulf of California, according to Pasadena.

October 11: 13.52, Imperial and Potrero. Feeble.
October 11: 14.30, Escondido. Feeble. "Almost every day brings a slight 

temblor" [press].
October 13: 4.25,* Jamesburg. Feeble. Recorded at Pasadena.
October 14: 1.50, Phelan. Feeble.
October 15: 12.00, Wilmington Tank Farm. Feeble.
October 16: Night of. Medicine Lake. " Heavy."
October 18: 11.58,* Jamesburg, Hollister, and Spreckles. Force IV. Also felt 

at Aptos, Carmel, Chualar, 3 miles east of Monterey, Moss Landing, Paraiso 
Springs, Salinas, Santa Cruz Light Station, Lenoya Pump. Recorded at 
Pasadena and Berkeley. Pasadena reports epicenter in San Benito County.

October 20: 10.56,* Chualar. Feeble. Recorded at Pasadena, Berkeley, and 
other stations. Pasadena reports epicenter in San Benito County.

October 20: 11.15, San Rafael. Feeble.
October 21: 8.55, Monterey. Feeble.
October 22: 4.15, Hartsook. Feeble.
October 28: 22.21, Kernville. Feeble.
October 25: 11.27, Fortuna. Feeble.
October 27: 8.37, Sargent. Feeble. Berkeley reports instrumental epicenter 

near Sargent.
November 1: 12.30, Bell. Feeble.
November 3: 8.05,* Los Angeles region. T. 4 S., R. 14 W., according to Pasa 

dena. Force V or less at Hawthorne, 3 miles east of Torrance, and Comp- 
ton. Very slight damage. Force IV at Redondo Beach, Maywood, and 
Southgate. Also felt generally at Los Angeles, Inglewood, Wilmington 
Tank Farm, Maywood, Huntington Park, and Bell. A picture dropped 
from the wall at Compton.

November 4: 8.27. Slight shock felt at Los Angeles (Watts District), Compton, 
Torrance, and 3 miles east of Torrance.

November 4: 21.43, Five miles southeast of Aberdeen. Moderate.
November 11: 3.05, Willets. Moderate.
November 15: 22.45, Bolinas and Suisaw City. Feeble. Berkeley and near-by 

stations indicate epicenter not far from Tomales Bay.
November 22: 2.52.* Strongest at Calpella. Also felt at Comptche, Fort Bragg, 

Redwood Valley, and 1 mile north of Ukiah. Recorded at Ukiah.
November 22: 3.30, Upper Lake. Feeble.
November 25: 4.18.* Five miles southeast of Aberdeen. Moderate. Also felt 

at Big Creek (No. 1), Florence Lake, and Lemon Cove. Another shock 
southeast of Aberdeen at 10.45. Pasadena reports first shock northwest of 
Tinemaha. Recorded at Berkeley and Lick.

November 25: 11.09. Twelve miles northeast of Monterey. Feeble.
November 27: 6.14, Fortuna. Feeble.
November 27: 12.17, Big Creek (No. 1). Moderate.
November 28: 6.13,* Fernbridge and Samoa. Force IV. Felt also at Humboldt 

Bay Fog Signal, Table Bluff Light Station, Alton, Bayside, Beatrice, Fern- 
dale, Cresent City, Fortuna, Shively, Waddington, and Eureka. Recorded 
at Pasadena, Ukiah, and San Francisco Bay stations.

December 3: 16.53.* Metz and Hollister. Moderate. Felt also at Spreckels, 
Pigeon Point Light Station, Santa Cruz Light Station. Feeble shock at 
Hollister at 21.30. Recorded at Pasadena. Berkeley reports instrumental 
epicenter some 10 miles south of Spreckels. 

December 11: 1.01, Scotia. Slight. 
December 14: 8.30, Portola, Spring Garden, Quincy, and Susanville. Slight.
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December 14: 17.37,* Maricopa and Pattiway. Slight. Pasadena reports epi 
center on San Andreas fault, southwestern Kern County.

December 15: 8.20, Portola. Slight. Also felt at Susanville and Quincy and 
25 miles east of Susanville.

December 17: 12.06. Feeble. Felt at Agnew, Campbell, San Jose, and Aptos. 
Berkeley reports instrumental epicenter between Los Gatos and New 
Almaden. One observer reports shock at San Diego at noon on Decem 
ber 15.

December 18: 22. Point Reyes. Force V. Pictures fell, small objects over 
turned. Few awakened.

December 23: 22.15, Imperial. Feeble. Pasadena reports an epicenter north 
west of La Jolla.

WASHINGTON AND OREGON
[120th meridian or Pacific standard time]

January 20: 23.10, Sultan, Wash. Slight. 
April 17: 4.00, Twisp, Wash. Feeble.
April 17: 20.00, near Bellingham, Wash. (48° 45' N., 122° 15' W.). Force V. 

(See map.) Felt over an area of approximately 5,000 square miles. At

FIGURE 7. Areas affected by Washington shocks of April 17 and December 31

Acme a few bricks fell from chimneys, at Lawrence wall paper cracked 
(aided by hot, dry weather), and at Saxon a severe twisting motion was 
reported. Force V at Acme, Van Zandt, Saxon, Lawrence, Bellingham, 
Clipper, Oso, and Tyman. Force IV at Burlington, Concrete, 7 miles east 
of Deming, Hamilton, Mount Vernon, Maple Falls, McMurray, Sedro Wool- 
ley, Sumas, Wickersham, and Victoria, British Columbia. Also felt 17 miles 
east of Arlington, at Alger, Bow, Bryant, Blanchard, Beach, Birdsview, 
Bayview, Clearlake, Custer, Darrington, Everett, Edgecomb, Florence, Fort- 
son, Ferndale, Glacier, Lake Whatcom, Lynden, Marietta, Marblemount, 
Robe, Snoqualmie, Snohomish, Sauk, Silverton, Nooksack, and Welcome, all 
in Washington.

May 28: 23.10, Sultan, Wash. Feeble.
June 11: 23.30. Same.
July 80: 7.33, Nanaimo, British Columbia. Sharp local shock. 

/August 16: 19.20. Force V at Talent, Oreg., where press reported lamp shaken 
from ceiling and one man thrown from chair. Also felt at Phoenix, Talbot, 
and Ashland.
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August 19: 7.05, Sultan, Wash. Feeble.
August 28: 10.01. Earthquake off Eureka, Calif.; felt at Klamath Falls,

Beagle, Curtin, and Hugo, Oreg. 
/Septembers: 19.22, Central Point, Oreg. Feeble.
September 18: 12.20, Chelan Falls and Lakeside, Wash. Moderate. Also felt 

at Manson, Winesap, and Chelan.
October 1: 3.10 to 3.50 (ship's time), at sea. Steamer Admiral Farragut felt 

heavy tremors in lat. 42° 56' N., long. 124° 44' W. Sulphurous odors 
observed and phosphorescent light trailed in wake of propellers.

December 8: 6.25, Lakeside, Chelan, and Winesap, Wash. Slight.
December 29: 0.27, Sultan, Wash. Feeble.
December SI: 7.25,* near Seattle, Wash. (47° 30' N., 123° 00' W.). Force VI. 

(See map.) Felt over an area of approximately 10,000 square miles. 
Recorded at Seattle. At Lilliwaup, force VI, a concrete wall in a store 
was cracked and a wash basin was knocked off a nail. Force V at 
Belfair, Grapeview, Quilcene, Potlatch, and Snohomish, where articles were 
shaken from store shelves. Force IV at Bremerton, Fox Island, Happy 
Hollow, Kingston, La Grande, Nisqually, Olympia, Port Madison, Port 
Ludlow, Shelton, Tahuya, and Union. Also felt at Allyn, Bothell, Centralia, 
Chambers Prairie, Darrington, Dockton, Goldbar, Glenwood, Hoodsport, 
Lake Bay, Littlerock, Longview, Mukilteo, Olalla, Portage, Port Richard, 
Paulsbo, Rollingbay, Silverton, Sultan, Stanwood, Swans Trail, Seattle, 
and Tacoma.

ALASKA
[150th meridian time unless otherwise stated]

January 2: 19.30, Matanuska, Kasilof, and Seward. Moderate. Seward reports
time only as " p. m." 

January 8: 5.30, Nenana. No details. 
January 22: 18.40, Matanuska. Severe. No details. 
January 27: 4.30, Seward and adjacent region. Reported from Matanuska at

3.40 and 6.00 and from Cordova (Mile Seven) at 5.32. 
January 27: 16.30, Kasilof (time uncertain; may be same as that at Seward

at 4.30).
January SI: 11.15, Mile Seven (Cordova). Two distinct shocks. 
March 22: 6.30, Matanuska. Five seconds. 
March 23: 11.30, Matanuska. Fifteen seconds. 
March SO: 1.15, Seward. Moderate. No serious damage. 
April 29: 4.30, Lazy Bay, Kodiak Island. Moderate. East-west movement. 
May 12: 21.03, 21.51, Whale Island (Fox Bay section). 
May 12: 22.26, Matanuska. 
May 14: 15.00, Matanuska.
May 24: 5.00, Whale Island (Fox Bay section). Light. 
May 27: 20.15, Mile Seven (Cordova). Fifteen seconds. 
May 28: 19.16,* Girdwood. Sharp and abrupt. Rattled windows and doors.

Series.of shocks over a period of 65 seconds at Matanuska. Recorded at
several North American stations. 

May 30: 0.00, Attu Island. Sharp shock, force VI. Felt by all. Walls creaked,
clocks stopped, small objects overturned, dishes broken. Everyone awakened
and frightened. Nearly all canned goods in store thrown to floor. 

June 1: 16.00, Girdwood. Slight. Felt by several. 
June 11: 12.40, Chitina and Valdez. Force V. No damage. Many awakened.

Felt force IV at Cordova and Girdwood. Also felt at Hope and Circle. 
June 18: 4.15, Chitina. Feeble. Shook bed. 
June 20: 3.40, Homer. Feeble. 
June 21: 5.45, Homer. Feeble. 
June 27: 19.35, Talkeetna. Moderate. Doors and dishes rattled. Wall creaked.

Small objects moved. Trees and bushes shaken. 
July 1: 13.31, Girdwood. Feeble. 
July 6: 12.04, Kanatah. Felt by all. Rattled windows, doors, and dishes. Trees

and bushes shaken slightly. 
July J3: 2.30, Girdwood. Felt by all. Windows, doors, and dishes rattled.

Frame walls creaked. All awakened. Felt also at Hope and Moose Pass. 
July 13: 17.45, Hope and Moose Pass. Feeble. 
July 16: 2.15, Hope. Feeble.
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July 18: 1.55, Girdwood. Feeble.
August 12: 23.36, Gustavus. Slight.
August 28: 1.50, Homer and Girdwood (2.10). Feeble.
September 11: 5.55, Whale Island. Thirty seconds duration.
September 14: 21.15, Kantishna. Slight.
October 12: 4.15, Homer. Moderate. Observer awakened.
October 17: 0.30, Valdez. Feeble.
October IT: 2.30, Girdwood and Wasilla. Moderate shock felt by all. Windows, 

doors rattled. Walls creaked. All awakened. Also felt at Homer.
October IT: P. m., Kennecott. Feeble.
October 20: 1.00, Girdwood. Feeble.
October 26: 0.10, Homer. Moderate, Twenty-seven seconds.
October 27: 3.55, Girdwood. Moderate.
November % ' 1-00, Nenana.
November 20: 0.30, Girdwood and Valdez. Moderate. Felt strongest at Gird 

wood, where windows and doors rattled, walls creaked, goods were shaken 
from shelves and all awakened. Preceded by roaring noise. Felt also at 
Anchorage and Matanuska.

November 20: 1.08, Girdwood and Homer. Moderate at Girdwood, where all 
were awakened by a heavy shake accompanied by a peculiar roll and twist. 
Felt slightly at Anchorage (1.10) and at Matanuska (1.20).

November 21: 4.28, Girdwood. Moderate. Felt by all. Windows rattled. All 
awakened.

November 21: 14.14, Girdwood. Slight. Felt by few. Windows rattled.
November 25: 9.55, Homer. Slight. Seven seconds.
November 25: 21.30, Whale Island. Light.
November 27: 8.20, Fairbanks.
November 29: 1.26, Girdwood. Slight. Felt by few.
December 3: 1.18, McCarthy. Slight. Felt by many.
December 5: 3.49, Girdwood. Feeble. Felt by few.
December 6: 11.20, Dutch Harbor. Sharp shock.
December 17: 3.30, Homer. Feeble.
December 23: 17.47, Whale Island. Moderate. Thirty seconds. Also felt at 

Valdez, Ellamar, Girdwood, Homer, Kanatak, and Matanuska. Windows 
and doors rattled, walls creaked, and hanging objects swung.

HAWAIIAN ISLANDS
[-157% meridian time]

NOTE. In the case of these islands with their many earthquakes of volcanic origin 
only the more severe ones are listed. Reports of the Volcano Research Laboratory under 
the jurisdiction of the United States Geological Survey and the Hawaiian Volcano 
Research Association give all details.

January 29: 23.38,* Waiohinu, Hawaii. Rocking motion. Felt by many. Re 
corded at Honolulu. 

June 11: 17.53, Hilo. Sharp shock. No damage. Recorded at Honolulu.

PHILIPPINE ISLANDS
[120th meridian (East) time]

Only the more important shocks are included in this report. (See reports of the 
Weather Bureau, Manila Central Observatory, for complete data.)

March 19: 4.13.* Slight shock felt on Island of Mindanao. (See instrumental 
reports.)

March 19: 14.24.* Severe shock felt at northern end of Luzon Island. Church 
towers and old stone buildings collapsed. Some damage to government 
structures. Two women injured by falling brick at Bacara. Felt strongly 
in central part of island and at Manila. Felt distinctly in Hong Kong. 
(See instrumental reports.)

March 22: 23.23. Slight shock felt in Manila. No damage.
July 13: 0.45*. Several slight shocks felt on the Island of Masbate, Central 

Philippines. (See instrumental reports.)
September 22: 2.26.* Felt in Manila. No damage. (See instrumental reports.)
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PUERTO RICO
[60th meridian time]

February 22: 4.10. Feeble shock felt by several in San German.
April 4' 4.51,* Santurce and Bayamon. Force V. First a long swaying mo 

tion, then a short trembling. It was generally observed at San Juan and 
Mayaguez. Recorded at San Juan. A weaker shock recorded at 18.44.

September 19: 23.50.* Moderate shock at Mayaguez felt as gentle rhythmic 
motion in pronounced north-south direction. Felt in Santurce with less 
intensity. Recorded at San Juan. Four shocks recorded on September 19 
and 20.

September 25: 14.35. Moderate shock, at Mayaguez felt by most of population. 
Bumping and slight swaying.

November 5: 4.43. Slight shock felt at Salinas and Guayama.

PANAMA CANAL ZONE
[75th meridian time]

April 11: 19.59.* Moderate shock felt at Las Palmas, Panama. No severe
damage. Recorded at Balboa. 

May 25: 21.19.* Felt at La Palma and Chaldia. 
June 16: 13.22.* Felt by a few at Balboa Heights.
June 27: 5.04.* Felt by residents of Canal Zone and Republic of Panama. 
October 11: 22.58.* Offshore shock felt by a few.
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INSTRUMENTAL REPORTS

It has been decided for reasons of economy to omit publication of 
instrumental data in this report. Anyone interested in them may 
find substantially the same material in the monthly instrumental 
seismological reports of the bureau, copies of which will be furnished 
upon request to those interested in seismological work.

In the following list of provisional epicenters attempts have been 
made in some instances to improve on the values given in the monthly 
reports, especially in cases of North American earthquakes. The 
epicenter locations are based on the readings of seismograms sent 
direct to this office for interpretation, and also on a limited number 
of instrumental reports received from stations exchanging reports 
with this bureau. In the former group are Bozeman, Mont. (Mon 
tana State College); Chicago, 111. (University of Chicago and U. S. 
Weather Bureau); Charlottesville, Va. (University of Virginia); 
Columbia, S. C. (University of South Carolina); Honolulu, Hawaii 
(University of Hawaii); Pittsburgh, Pa. (University of Pitts 
burgh) ; San Juan, P. R.; Sitka, Alaska; Tucson, Ariz.; Seattle, 
Wash. (University of Washington); and Ukiah, Calif. (Interna 
tional Latitude Observatory).

SUMMARY OF INSTRUMENTAL RESULTS

1931

Tan 1 ^

Jan. 17       
Do.-     

Jan. 23..  . . 
Tan 9*\

Jan. 27       

Ton 9Q
Feb. 2        

Feb. 10       
Feb. 12       
Feb. 13   - 

Feb. 27        
Mar 2
Mar 7
Mar. 8..       

Alar 10
Mar. 11       

Do .. ---..
^vlar 19
Mar. 28.,  . ---
"V/Tor 90

Mar 31

Apr. 15     
"Apr. 17      

Apr. 20       
Apr. 23   .  ....
A TYT 94

Do.        
Apr. 27      -

May 9    --   

Greenwich 
civil time 
of origin

ft. 771.
9 49.0
1 50.7

W 1Q B

5 9C 0

12 34.5

17 09.8

4 48

5 33.7

1 50.2
3 48 7

3 32
19 9fi 9

20 13.5
6 24.8

12 38.5
17 9*\ 1

1 56.2
6 49 4

16 58.7
19 ^R

19 56

17 21.9
18 -28
16 50.8

10 34.6

Region

  ..do                        

Off west coast of Mexico _ -------- ------ _ -__  

Provisional epi 
center

Lot. Long. 

19. 2 N. 107. OW.
16. 2 N. 96. OW.
15. 9 N. 96. 8 W.
26 N. Ill "W.
15 N. 96 W..
17 N. 99 "W,
15 N. 103. 5 "W.
26 N. 97 E.
12 N. 146 E.
13 N. 96 W.
39.3 S., 177. OE.
35. IN. ,106.8 W.

6 S., 102 E.
5 S., 102 E.

39.8 S., 177.8 E.

2 N., 126 E.
24 S., 167 E.

9 N. 86 W.
42 N. 23 E.
41 N. 142 E.
41 N. 125 "W.
19 N. 145 E.
35 S., 72. 5 "W.

6 N. 127 E.
18. 3 N. 120. 2 E.

6 S., 130 E.
51 N. 170 "W.
12. 3 N. 86. 6 W.
10 S., 79 W.
8 S., 154 E.

48 N. 29 W.
34 N. 110. 5 W.
19 N. 109 W.
43. 4 N. 73. 7 "W.
35. 4 N. 117. 6 W.

5 S., 155 E.
33. 8 N. 118. 5 "W.
40 N. 46 E.
8 N. 70 W.

22. 3 N. 109 W.
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Summary of instrumental results Continued
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1931

May 12.............
May 16... ..........

Do. ............
May 27.....  .....

Do. ............
May 29 _ .._ .......

June 21 _______
July 7.. ............
July9--_. ......... _
July 11. ............
July 12. ............
July 15.. ....... ....
July 17.. ...........
July 18. ........... .

Do.. ...........
July 21. ............
July 23.. ...........
July 27.... ..._.....
July 28-.... ........

Aug. 10 __ ... .....
Aug. 13.............
Aug. 16..  ........

Do..   ...._...
Aug. 18.............
Aug. 23... ........ ,
Aug. 24 _ ... .......
Aug. 27.-.. ....... .
Sept. 6  .--_----...
Sept. 9... ....... ....

Do.. ...........
Sept. 10......... . .
Sept. 12.... .-._.-. .
Sept. 20   -_.__

Sept. 25.... .........
Sept. 26  .._.......
Sept. 30... -._--._...
Oct. 1. .......... ...

Do-  ..... ...
Oct. 3....  ........

Do..   ........
Oct. 5...  ........
0"t. 9..  -....._..
Oct. 10  -..--... .
Oct. 12..............
Oct. 26   ._.---...
Nov. 2. ...---....

Do..   .   ....
Do............

Nov. 3  ------ .
Nov. 20 ~    
Nov. 22  . ..-
Nov. 28   .........
Dec. 17    ..... .

Greenwich 
civil time 
o forigin

h. m. 
19 24. 8

1 37.3
20 47.5
2 22.8

21 54.0
6 34.6

10 20.9
5 15.8

13 52.3

3 53.9
12 00.3

5 56.2
16 45.4
16 27.0
9 13.8
5 27.1

11 24.0
3 36.4

14 20.6
7 16.2
8 40
2 11.5

21 18.2
 22 09.3

14 20.7
18 01.4
21 35. 2
15 27.2
8 01.9

13 40.3
20 38.5
4 35.9

15 41.3
23 04.9

6 00.0
19 50.6
15 46
11 45.4
16 33

22 47.6
22 31.2
23 40

3 57.5
4 25.1

10 02.9
17 02.8
15 50
U lfi K

10 52
14 13

3 40

Region

Ohio (felt)         .             -

....do   . ..    .   ....... ...... ..........

.... .do    ......... .. ...  .  ........ ....

Provisional epi 
center

Lat. Long. 

28. 5 S., 115 W.
52 N., 158 E.
15.9 N., 96.8 W.
39 N., 15 W.
28. 6 S., 70. 7 W.
24 S., 114 W.
18 N., 102 W.
58 N., 158 W.
17 S., 172 W.
17.8 N., 107 W.
13 N., 95 W.
43 N., 29 W.

8 S., 78 W.
12.4 N., 123.8 E.
53 N., 153 E.
15. 5 N., 97 W.
21 S., 69 W.
54 N., 164 E.
19 S., 170 E.

1 S., 155 E.
16 N., 85. 5 W.
35.0 N., 112.0 W.
1.5 S., 145 E.

46 N., 89.5 E.
28 S., 178 W.
29 N., 60 W.
29. 9 N., 104. 2 W.
47. 5 N., 88. 5 E.
40.2 N., 125.6 W.
27 N., 60 E.
29. 5 N., 67. 5 E.
55 N., 31 W.
41 N., 126 W.
15 N., 144 E.
34.0 N., 116.7 W.

5 N., 78 W.
40. 4 N., 84. 2 W.

1 S., 107 E.
13.4 N., 92 W.
32 N., 115 W.
29 N., 114 W.
32. 8 N., 115. 8 W.

11 S., 161 E.
44 N., 75 E.
32 N., 115 W.
11*- S., 161 E.
6.3 N., 82 W.

23 N., 109 W.
15. 5 N., 97 W.
27 N., 140 E.

8 S., 146 E.
29. 9 N., 104. 2 W.
10 N., 162 E.
39.3 N., 123.5 W.
41 N., 125 W.
34. 1 N., 89. 8 W.

MISCELLANEOUS SEISMOLOGICAL ACTIVITY 

GEODETIC WORK

In October, 1931, work was started on the complete releveling of 
four small circuits of first-order leveling in the Los Angeles area. 
The instructions called for a beginning at Ontario and the continua 
tion of the work through Los Angeles, Wilmington, Buena Park, 
Ontario, Riverside, Santa Ana, and Buena Park to Florence. Then, 
beginning again at Los Angeles, the work was to be continued
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through Glendale, Chatsworth, and Santa Monica to Wilmington. 
Connections were to be made to tide stations at San Pedro and at 
Newport Bay. The work was still in progress at the close of the 
year.

HYDROGRAPHIC WORK

Vessels of the Coast and Geodetic Survey are directed to make 
reports of visible or felt effects of earthquakes. No shocks were 
reported.

TIDAL OBSERVATIONS

Tidal records from the numerous gages on the Atlantic and Pacific 
coasts were examined. At Santa Barbara a record was obtained of 
the seismic sea wave originating in the Coral Sea on October 3. The 
first waves on the marigram appeared at 9h on October 4. It was 
recorded also at Hilo, Hawaii, at 3h 33m on the gage operated by the 
Hawaiian Volcano Observatory.
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INTRODUCTION

This publication is a summary of earthquake activity in the United 
States and the regions under its jurisdiction for the calendar year 
1932. The period up to 1927 for the United States is covered (for all 
except minor earthquakes) by Special Publication No. 149 of this 
bureau, Earthquake History of the United States Exclusive of the 
Pacific Region, and by several publications for the Pacific region. 
These include the Holden and McAdie catalogs J and a forthcoming 
publication of the Seismological Society of America which will extend 
the record through 1927. The period from 1928 on is covered by 
the series to which the present publication belongs.

Earthquakes of volcanic origin in the Hawaiian and Philippine 
Islands are not included, and only severe shocks are included in the 
case of the Philippine Islands, as complete reports are published by 
the Manila Central Observatory. Earthquakes adjacent to the United 
States and felt within its borders are described only in a general 
way when detailed descriptions are published elsewhere. The instru 
mental results are given for the principal earthquakes of the year 
regardless of location.

The noninstrumental information has been furnished by a large 
number of individuals and organizations whose voluntary coopera 
tion has made it possible to prepare descriptions of the earthquakes 
of this country with a completeness and accuracy never before 
attained. Lack of space prohibits giving individual credit to all 
of these cooperators. The principal sources of information are as 
follows:

United States Weather Bureau.
Division of geology and geography of the National Research Council.
Central office of the Jesuit Seismological Association at St. Louis, Mo.
The San Francisco Field Station of the Coast and Geodetic Survey, cooperating 

with the Seismological Laboratory of the Carnegie Institution and California 
Institute of Technology (H. O. Wood, research associate, in charge), University 
of California (Perry Byerly in charge of the Seismological station), and Stanford 
University. These persons are usually responsible for instrumental determina 
tions of epicenters in California when given. Among the commercial agencies in 
this section there are a number of cooperators, including the Pacific Telephone & 
Telegraph Co., Great Western Power Co., National Board of Fire Underwriters, 
Southern California Telephone Co., Standard Oil Co. of California, Associated 
Oil Co., Southern Pacific Railroad, San Diego & Arizona Railway Co., Associated 
Factory Mutual Fire Insurance Cos., Clay Products Institute of California, 
Board of Fire Underwriters of the Pacific, with more than 20,000 correspondents, 
the Southern Sierras Power Co., also a large number of other organizations and 
individuals. In the State of Washington the supervisor of geology (H. E. Culver), 
department of conservation and development, Pullman, actively cooperates.

i Smithsonian Miscellaneous Collections, 1089. A Catalog of Earthquakes on the Pacific Coast, 1769-1897. 
Edward S. Holden. Smithsonian Miscellaneous Collections, 1721. Catalog of Earthquakes on the Pacific 
Coast, 1897-1901. Alexander Q. McAdie.
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The large number of reports received from Alaska in 1932 is due largely to the 
successful efforts of Dr. C. E. Bunnell, president of the Alaska Agricultural Col 
lege and School of Mines, in organizing a corps of volunteer observers.

Press dispatches (received through the courtesy of Georgetown University).
Telegraphic reports collected by Science Service, Washington.
Reports from individuals.
Bulletin Seismological Society of America, 1932.

In addition to the above sources of information, the Coast and Geo 
detic Survey, or its field station at San Francisco, canvasses all areas 
affected by shocks of unusual intensity. In this way the extent and 
the maximum intensities of all heavy shocks are determined and the 
data are usually sufficient to construct isoseismal maps. The de 
structive features of these shocks are enumerated in the abstracts, 
but otherwise the descriptive matter is reduced to a minimum. The 
original reports are open, for inspection by anyone interested in un 
published details. For 1932 more detailed descriptions of earth 
quakes on the west coast will be found in mimeographed reports issued 
by the San Francisco Field Station.

CHANGE IN INTENSITY SCALES

Beginning with the preceding number of this series, Serial 553, the 
Coast and Geodetic Survey has used and will continue to use, the 
Modified Mercalli Intensity Scale of 1931, in place of the Rossi-Forel 
scale, to designate the intensity of earthquakes activity. All intensity 
numbers therefore refer to the new scale. The reasons for this 
change are set forth in an article entitled "Modified Mercalli Inten 
sity Scale of 1931," by Harry O. Wood and Frank Neumann, in the 
December 1931, number of the Bulletin of the Seismological Society 
of America, volume 21, no. 4. This article contains the original un 
abridged scale and also an abridged scale. The latter is given here 
together with equivalent intensities according to the Rossi-Forel 
scale.

MODIFIED MERCALLI INTENSITY SCALE OF 1931
[Abridged]

I. Not felt except by a very few under especially favorable circumstances. 
(I Rossi-Forel scale.)

II. Felt only by a few persons at rest, especially on upper floors of buildings. 
Delicately suspended objects may swing. (I to II Rossi-Forel scale.)

III. Felt quite noticeably indoors, especially on upper floors of buildings, but 
many people do not recognize it as an earthquake. Standing motor cars 
may rock slightly. Vibration like passing of truck. Duration estimated. 
(Ill Rossi-Forel scale.)

IV. During the day felt indoors by many, outdoors by few. At night some 
awakened. Dishes, windows, doors disturbed; walls make cracking 
sound. Sensation like heavy truck striking building. Standing motor 
cars rocked noticeably. (IV to V Rossi-Forel scale.)

V. Felt by nearly everyone; many awakened. Some dishes, windows, etc., 
broken; a few instances of cracked plaster; unstable objects overturned. 
Disturbance of trees,, poles, and other tall objects sometimes noticed. 
Pendulum clocks may stop. (V to VI Rossi-Forel scale.)

VI. Felt by all; many frightened and run outdoors. Some heavy furniture 
moved; a few instances of fallen plaster or damaged chimneys. Damage 
slight. (VI to VII Rossi-Forel scale.)

VII. Everybody runs outdoors. Damage negligible in buildings of good design 
and construction; slight to moderate in well-built ordinary structures; 
considerable in poorly built or badly designed structures; some chim 
neys broken. Noticed by persons driving motor cars. (VIII Rossi- 
Forel scale.)
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VIII. Damage slight in specially designed structures; considerable in ordinary 
substantial buildings with partial collapse; great in poorly built struc 
tures. Panel walls thrown out of frame structures. Fall of chimneys, 
factory stacks, columns, monuments, walls. Heavy furniture over 
turned. Sand and mud ejected in small amounts. Changes in well 
water. Disturbs persons driving motor cars. (VIII + to IX to Rossi- 
Forel scale.)

IX. Damage considerable in specially designed structures; well-designed frame 
structures thrown out of plumb; great in substantial buildings, with 
partial collapse. Buildings shifted off foundations. Ground cracked 
conspicuously. Underground pipes broken. (IX + Rossi-Forel scale.)

X. Some well-built wooden structures destroyed; most masonry and frame 
structures destroyed with foundations; ground badly cracked. Rails 
bent. Landslides considerable from river banks and steep slopes. 
Shifted sand and mud. Water splashed (slopped) over banks. (X 
Rossi-Forel scale.)

XI. Few, if any (masonry), structures remain standing. Bridges destroyed.
Broad fissures in ground. Underground pipe lines completely out of
service. Earth slumps and land slips in soft ground. Rails bent greatly.

XII. Damage total. Waves seen on ground surfaces. Lines of sight and level
distorted. Objects thrown upward into the air.

EXPLANATORY NOTES

Within the United States the same regional arrangement has been 
followed as in Special Publication No. 149, previously mentioned, 
except that Washington and Oregon have for convenience been 
treated separately from California.

The published epicenters have been determined at the Washington 
office unless otherwise stated. Quite often they represent the mean 
of the positions determined by the bureau and the central station 
of the Jesuit Seismological Association cooperating with Science 
Service. Immediate epicenter determinations from telegraphic 
reports are frequently made through the cooperation of these institu 
tions and individual seismograph stations and the results broadcast 
without delay to Europe and points in the Pacific. As the published 
epicenters are based on only a portion of the available data, they 
must be considered provisional.

In the noninstrumental reports an asterisk (*) indicates that the 
time is taken from an instrumental report and is reliable. In other 
instances quite large deviations are frequently reported. In the case 
of California, earthquakes reported as feeble at only one point are 
not plotted on the epicenter map of the United States, nor are minor 
aftershocks plotted for heavy earthquakes in California or any other 
region. The reader should bear in mind that the information service 
in California has been developed to a point not approached in any 
other section of the country. Attention is again called to the fact 
that more detailed information on California earthquakes of 1932 has 
been published in mimeograph form by the San Francisco Field Sta 
tion of the Coast and Geodetic Survey. As the Pacific coast epi 
centers obtained from instrumental data have not been published in 
their entirety, the forthcoming publications of the Research Labora 
tory at Pasadena, and the seismological station at Berkeley should 
be consulted for a complete record of the year's activities.

Time is indicated as continuous from 0 to 24 hours, beginning and 
ending with midnight. In noninstrumental reports local standard 
time is indicated. In the summary of instrumental results Greenwich 
civil time is used.
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EARTHQUAKE ACTIVITY IN THE VARIOUS STATES

Arizona: The Nevada shock of December 20 was felt in part of the State. Slight 
shocks on February 7 and December 29.

California: No shocks of major importance. The most destructive was on June 
6 in northern California, intensity VIII. The Nevada shock of December 20 
was felt over practically the entire State. The illustrations show the extent 
of these two shocks and several others of less importance.
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Idaho: Slight shocks on June 6 and December 21.
Montana: Slight shocks on January 9, March 21, October 3, 11, 31, and Decem 

ber 24.
Nevada: A major shock X-XI occurred on December 20.
New Hampshire: Slight shocks on October 14, 16, and November 4.
New York: Slight shocks in northern part on December 6, 7, and 28.
Ohio: Slight shock on January 21.
Oregon: Slight shock of doubtful place of origin on January 14.
South Carolina: Feeble shocks on January 6 and 13.
Texas: Moderate shock in eastern part on April 9.
Utah: Slight shocks on May 21, June 18, and November 12.
Virginia: Slight shocks on January 4 and December 5.
Washington: Slightly destructive shock on August 6, VI. Of the 18 other 

shocks reported only 3 were rather generally felt in the Puget Sound region.
Wyoming: V on January 26 and a weak shock on June 8.

NORTHEASTERN REGION
[75th meridian or eastern standard time]

July 20: 18:30. Lake Garfield, Mass. Slight disturbance thought due to an 
earthquake.

October 14: 22:10. Meredith, Center Harbor, and Glendale, all near Lake 
Winnipesaukee, N.H., slight.

October 16: 14:12. Keene, N.H., slight.
November 4'- Just after midnight. Concord, N.H., weak.
December 6: 22:15, 23:05. Gabriels, Lake Placid, and Saranac Lake, in north 

eastern New York, slight. Also felt at Hopkinton, Lake Clear Junction, 
Lake Kushaqua, and Tupper Lake, in northeastern New York.

December 7: 11:45. Gabriels, Lake Clear, Lake Kushaqua, Lake Placid, and 
Saranac Lake, in northeastern New York, slight. An aftershock of Decem 
ber 6 and not as strong.

December 28: 23:28. Watertown, N.Y. First thought to be explosion. Awak 
ened many, and some rushed to streets. Not observed at other nearby 
points. Seismic?

EASTERN REGION
[75th meridian or eastern standard time]

January 4-' 23:05. Buckingham County, Va., III. Strongest at Buckingham, 
Dillwyn, and New Canton. Also felt at Arvonia, Gold Hill, Johnston 
Station, Penlan, and Warminster, Va. Recorded at Charlottesville, Va.

January 6: 7:35. Summerville, S.C., slight.
January 18: 7:40. Summerville, S.C., feeble.
December 25: Night. Petersburg, Va., 3 miles north, slight. Seismic origin 

uncertain.
CENTRAL REGION

[90th meridian or central standard time]

January 21: P.m. Akron, Ohio. Windows cracked; furniture moved. Felt 
on west side of Summit Lake.

April 9: 4:15. Mexia and Wortham, Tex., V. Loose bricks thrown down. 
Plaster cracked. Damage slight. Also felt at Cooledge, Currie, Groesbeck, 
Hillsboro, League, and Richland. A detailed report by E. H. Sellards was 
published in University of Texas Bulletin, issued in February 1933.

WESTERN MOUNTAIN REGION
[105th meridian or mountain time]

January 9: 23:40, 23:46. Colstrip, Mont. Recorded on graphic meter chart of 
100-ton power shovel. Caused cables of shovel to whip strongly.

January 26: 3:13. *Grovemont, Kelly, Moran, and Jackson, Wyo., V. All 
awakened, plaster cracked, dishes broken. Telephone line westward into 
Idaho put out of order presumably as result of shock. Felt at Dubois and 
Lander. Aftershocks were felt in Jackson, two sharp ones occurring within 
10 minutes after first. Slight shocks were felt throughout the day until 17:00, 
when another sharp shock was felt. Others felt at 21:00 on the same day, 
and at 1:00 on the 27th.
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February 7: 23:30. Perkinsville, Ariz., slight.
March 21: 12:35. Dillon, Mont., slight. Felt by about three-quarters of popu 

lation. No damage.
May 21: 23:00. Venice, Utah, feeble.
June 6: 4:00. Hagerman, Idaho, weak.
June 8: 14:30. Grover, Wyo., weak.
June 18: 13:50. Parowan, Utah, weak.
October 3: 22:19. Helena, Mont., weak.
October 11: 16:05. Helena, Mont., weak.
October 31: 11:40. Lonepine, Mont., weak.
November 11: 3:00. Midway, Utah, IV. (This probably refers to shock felt at 

Salt Lake City, Nov. 12. Only one report.)
November 12: 2:45. Salt Lake City, Utah, IV. No damage.
December 14: 20:15. Lonepine, Mont., weak.
(December 20): 22:10. See report for California and western Nevada.
December 21: 1:00. Twin Falls, Idaho, slight.
December 29: ( ) Somerton and Yuma, Ariz., slight.

CALIFORNIA AND WESTERN NEVADA
[120th meridian or Pacific standard time]

ALL PLACES ABE IN CALIFORNIA UNLESS OTHERWISE STATED

January 3: 13:07.* San Francisco, slight. Epicenter probably near Crystal
Springs Lake (Byerly). 

January 5: 6:00.* Near Cape Mendocino, IV. IV at Alderpoint, Arcata,
Blocksburg, Cape Mendocino Light Station, Ferndale, Fortuna, Hydesville,
Samoa, Shively, and Westport. Ill and under at Bayside, Eureka, Forest
Glen, Miranda, Punta Gorda Light Station, Ta"ble Bluff Light Station,
Waddington, and Whitlow.

January 8: 10:17.* Near Salinas, III. Hayward, Hollister, and Sargent. 
January 1C: 18:55. Watsonville, IV.
January 13: 19:16.* Keeler, IV. Lone Pine. 36°35' N., 117°49' W. 
January 14: 6:10. Potter Valley, IV. Comptche and Ukiah. 
January 14: 11:36.* Whittier, Downey, Santa Fe Springs and vicinity, weak.

33°55' N., 118°02' W. (Wood.) 
January 25: 18:38.* Sail Bernardino, IV. Rialto. 34°14' N., 117°25' W.

(Wood.)
January 26: 12:52. Potrero, III. 
January 28: 28:14.* Hollister and Salinas, III. 
January 31: 6:29.* Hynes, Long Beach, Wilmington, and near Torrance,

weak. 33°53' N., 118°19' W. (Wood.)
February 2: 12:52.* Metz, III. 36°34' N., 120°36' W. (Wood.) 
February 4: 8:03*. Santa Barbara, and Ventura, slight. 34°33' N., 119°44' W.

(Wood.) 
February 4: 20:15*, 22:47*, and 23:10. Piedras Blancas Light Station and

Salmon Creek region, slight. First two shocks 35°50' N., 121°28' W.
(Wood.)

February 5: 8:44*. Banning, slight. 34°03' N., 117°02' W. (Wood.) 
February 9: 22:55. Watsonville, III.
February 10: 18:57*. Wilmington, slight. 33°54' N., 118° 17' W. (Wood.) 
February 11: 15:11*. In and near San Bernardino Mountain, moderately heavy.

Baldwin Lake, Big Bear City, Mentone, Pine Knot, Seven Oaks, and Victor-
ville. 34°25' N., 116° 51' W. (Wood.) 

February 24: 23:35*. Alameda and Oakland, IV. Berkeley, Burlingame,
Hayward, San Francisco, and San Leandro. Epicenter on east shore of
San Francisco Bay, some 8 km N.W. of Hayward. (Byerly.) 

February 25: 18:27*, 19:43*, and 20:00. Calexi-co, Imperial, and Brawley,
moderately strong. First two shocks 32°36' N., 115° 37' W. (Wood.) 

February 26: 8:59*. Monterey Bay region. IV at Aptos, Asilomar, Gonzales,
Paraiso Springs, Point Sur Light, and Santa Cruz; III and under at Carmel,
Del Monte, Metz, Monterey, Pacific Grove, Pebble Beach, Point Pinos Light
Station, Salinas, Spreckels, and Watsonville. 

February 29: 9:15. Monterey, weak. 
March 6: Midnight. Pattiway, slight.
March 13: 15:09*. Buellton, slight. 34°26 N., 120° 11' W. (Wood.) 
March 20: 15:35. Point Fermin Light Station, slight.
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March. 21: 2:45. Los Angeles region. Lawndale, IV. Inglewood, Los Angeles, 
Manhattan Beach, North of Nigger Slough, Redondo Beach, San Rafael 
Hills, South Bay district, Walnut Park. 33°54' N., 118°17' W. (Wood.)

March 22: 16:20*. Ludlow, slight. 35°36' N., 116°58' W. (Wood).
March 24: 22:58*. Simi, slight. 34° 16' N., 118°47' W. (Wood).
March 25: 22:58*. West of Brawley, near San Jacinto fault. 33°02' N., 

115°58' W. (Wood).
April 13: 7:20. Baldwin Park, Etiwanda, Monrovia, Pasadena, San Gabriel, 

slight.
April 16: 10:48.* Gustine and Merced. 36°40' N., 121°13' W. (Wood). 

Some 5 to 10 miles east of Ingomar. (Byerly).
April 19: 11:40.* Kernville; Kern River, near Isabella, moderate. 35°41' N., 

118°21' W. (Wood).
April 20: 19:36. Atascadero, weak.
April 21: 4:24. Petaluma, no damage.
April 23: 5:38*. Arlington, Fontana, and Rialto, slight. 34°05' N., 117°30' W. 

(Wood).
April 26: 14:50. Near Cape Mendocino, IV. Strongest at Upper Mattole and 

Punta Gorda Light Station. Eureka, Ferndale, Fortuna, Humboldt Bay 
Fog Signal, Scotia, and Waddington.

April 29: 8:53*. Brawley, sharp. El Centro and Calexico. 32°15' N., 
115°40' W. (Wood).

May 4: 0:00. Upper Mattole, feeble.
May 4- 1:30. Eureka, Fortuna, Scotia, and Waddington, feeble.
May 15: 19:37*. Parkfield. 36°00' N., 120°30' W. (Wood).
May 15: 21:52*. Near Torrance. 33°48' N., 118°14' W. (Wood).
May 21: 15:00. Glendale.
May 27: 22:40. Fortuna, Upper Mattole, and Scotia, feeble.
May 28: 14:55*. Brawley, slight. 32°35' N., 115°40' W. (Wood).
June 1: 18:05. Fortuna, feeble.
June 4?.1 0:45. Montgomery Creek.
June 5: Afternoon. Eureka.
June 6: 0:45*. Eureka, VIII. Epicenter 40.8° N., 124.3° W. Area affected 

about 50,000 square miles. See map. Damage in Eureka and Arcata con 
sisted chiefly of shattered plate-glass windows, hundreds of broken chimneys, 
cracked plaster and ceilings, and damage to merchandise and household 
articles thrown from shelves. One person was killed by a falling chimney 
and several injured. A huge oil-storage tank was reported to have moved 
about 4 inches on its base. At Fields Landing hardly a chimney was left 
intact and a crack 6 inches wide appeared in the highway. At Loleta part 
of a brick wall was thrown out. At Table Bluff Light Station a 10-foot 
brick chimney collapsed and the light was temporarily out of commission 
because of displacement of the mantle holder. On Cock Robin Island near 
the mouth of the Eel River a 28-inch crack appeared and there were numerous 
blowholes some 7 or 8 feet in diameter at the surface. The shock was re 
corded by seismographs all over the country but it is difficult to reconcile 
all the data with a precise epicenter. It may have been beneath Humboldt 
Bay or slightly farther offshore than indicated bv the above coordinates. 
Byerly places the epicenter at 40°45' N., 124°30' E.

VIII at Arcata, Bayside, Beatrice, Eureka, Fields Landing, Humboldt Bay 
Fog Signal, Loleta, Samoa, and Table Bluff Light Station; VII at Blue Lake, 
Ferndale, and Kneeland; VI at Bridgeville, Crannell, Crescent City, Fort 
Jones, Fortuna, and Korbel; V at Alderpoint, Alton, Ashland, Benbow, 
Bieber, Capetown, Dyeryille, Fernbridge, Forks of Salmon, Fort Dick, 
Garberville, Hydesville, Little River, Longvale, Montgomery Creek, Mount 
Shasta, Orick, Punta Gprda Light Station, Round Mountain, St. George 
Reef Light Station, Scotia, Shasta Springs, Shively, Somes Bar, Stumpville, 
Trinidad Light Station, Upper Mattole, Weitchpec, Westport, and Willow 
Creek, all in California. Also at Grants Pass, Hugo, Medford, and Takilma 
in Oregon.

IV at Anderson, Baird, Bayles, Black Bear, Blocksburg, Briceland, Burney, 
Carrville, Castella, Cecilville, Chico, Clipper Mills, Colusa, Copco, Cotton- 
wood, Dedrick, Del Loma, Dos Rios, Dunsmuir, Durham, Edgewood, Etna, 
Ettersburg, Fort Bragg, French Gulch, Gazella, Grass Valley, Greenville, 
Happy Camp, Harris, Hartsook, Hoopa, Horse Creek, Hyampom, Island 
Mountain, Junction City, McCloud, Mendocino, Millville, Mina, Minersville, 
Miranda, Montague, Nevada City, Palo Cedro, Paradise, Peanut, Piercy,
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Point Arena Light Station, Point Cabrillo Light Station, Pollock, Redding? 
Salyer, Santa Cruz, Scott Bar, Shasta, Shasta Springs, Smith River, South 
Fork, Trinity Alps, Trinity Center, Ukiah, Waddington, Walker, Weaver- 
ville, Weed, Whitlow, Willits, Yreka, and Zenia. In Oregon at Agness, 
Applegate, Ashland, Azalea, Brookings, Central Point, Coquille, Dfyden, 
Galice, Glendale, Gold Beach, Grave Creek, Harbor, Holland, Jacksonville, 
Kerby, Klamath Falls, Marshfield, Merlin, Murphy, Myrtle Point, O'Brien, 
Persist, Pistol River, Poe Valley, Provolt, Reston, Riddle, Rogue River, 
Roseburg, Selma, Summer Lake, Takilma, Talent, Wedderburn, and Wolf 
Creek.

Ill and under at Big Bend, Bodega, Branscomb, Callahan, Calpella, 
Caution, Challenge, Dorris, Fern, Forest, Forest Glen, Foresthill, Gerber, 
Grenada, Hamburg, Hayfork, Hazel Creek, Hilt, Hornbrook, Inwood, Island 
Mountain, Laytonyille, Larkspur, Lewiston, Live Oak, Log Cabin, Magalia, 
McCloud, Old Station, Quincy, Red Bluff, San Francisco, Sattley, Surveyors 
Bar, Seiad Valley, Tomales, Twain, White Horse, and Yuba City. Also 
felt in Oregon at Algoma, Anchor, Bandon, Broadbent, Bullards, Canyon- 
ville, Coos Bay, Dothan, Empire, Fort Klamath, Gaylord, Leland, McKenzie 
Bridge, Marial, North Bend, Port Orford, Prospect, Siskiyou, Tiller, Ump- 
qua, and Wilderville.

Aftershocks were reported from Waddington at 1:27*, Humboldt Bay Fog 
Signal Station, 1:50; Peanut, 4:00; Davis Creek, 14:30; and Irvington, 16:25. 
On the following day at Upper Mattole, 4:55 and Scotia, 21:34.

June 11: 22:38. Fortuna, feeble.
June 12: 2:00. Cupertino, feeble.
June IS: 1:05. Novato, windows rattled.
June 14: 1:44*. San Jose region, IV-V. 37°15' N., 122°05' W. (Wood). Be 

tween San Jose and Mount Hamilton (Byerly). See map. At Campbell 
and Irvington, IV-V, slight damage such as cracked plaster. IV at Boulder, 
Burlingame, Colma, Half Moon Bay, Milpitas, Mount Hermon, Oakland, 
Petaluma, San Francisco, Santa Clara, Santa Cruz, Redwood City, and San 
Rafael. Ill and under at Agnew, Alameda, Alvarado, Aptos, Berkeley, 
Bolinas, Centerville, Corte Madera, El Granada, Felton, La Honda, Los 
Gates, Manteca, Menlo Park, Morgan Hill, Newark, Niles, Oakland, Olema, 
San Anselmo, San Gregorio, San Jose, Santa Clara, Saratoga, Southampton, 
Shoal Light Station, Sunol, Tomales, Watsonville, and Yerba Buena Light 
house. Aftershocks felt at Redwood City about 2:14, and at San Jose at 
4:45.

June 16: 3:10. Near Taylorsville, IV. Allegheny, La Porte, Sierra, and Twain.
June SI: 1:00. Glenn Ranch, weak.
June 21: 2:55*. Cajon, three weak shocks in quick succession. 34°10' N., 

117°35' W. (Wood).
June 22: 18:26*. Jamul, and Santa Ysabel. 33°10' N., 116°30' W. (Wood).
June 22: 23:29. Point Arena Light Station, III.
June 27: 14:10. Campo. Possibly same as shock at 2:07* reported by Wood 

at 31°50' N., 116°20' W.
June 29: 16:23*. Irvington, weak. Epicenter in region of Niles, Sunol, and 

Irvington (Byerly).
July 11: 5:00. Peanut, IV.
July 11: 16:33*. Livermore, III. Epicenter some 5 miles west of Livermore 

(Byerly).
July 19: 15:35*. Aptos, weak. Epicenter between Corralitos and Watson 

ville (Byerly).
July 21: 17:14. Ukiah, slight 8 miles south of.
July 26: 22:52*. Upper Kern River. See map. VI near Mineralking, where 

several tons of rock were reported loosened from one of the peaks, and at 
Springville, where brick chimneys were cracked. V at Glenville, Greenhorn 
Mountain, Independence, Kern River No. 3, Lemon Cove, Porterville. IV 
at California Hot Springs, Isabella, Kaweah, Lindsay, Little Lake, Posey, 
Sequoia National Park, Tulare, Visalia, and White River. Ill and under 
at Allensworth, Amboy, Balch Camp, Bodfish, Corcoran, Farmersville, 
Fawnskin, Fresno, Goshen, Hanford, Inyokern, Kern River No. 1 and No. 2, 
Kingston, Oildale, Onyx, Orosi, Fatten, Sultana, Terra Bella, Three Rivers, 
Tipton, Vestal Substation, and Woodlawn. 35°48' N., 118°32' W. (Wood).

July 28: 22:53. Haiwee power house, slight.
July SO. 11:31*. Bell, and Los Angeles, weak. 33°55' N., 118°10' W. (Wood).
August 2S: 11:10. Laws, IV.
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August 24: 22:13. Laws, IV.
August 26: 11:12, Huntington Park, IV.
August 29: 18:50*. Santa Ana Canyon, IV-V. Mentone, IV. Camp Angelus 

San Bernardino, Seven Oaks, Yucaipa. 34°05' N., 117°05' W. (Wood).
August 29: 21:15. Pineflat, II-III.
September 22: 12:50. Calistoga, weak.
September 22: 23:48. Calistoga, and St. Helena, IV. Epicenter between these 

places (Byerly).
September 23: 3:45. Calistoga, weak.
September 28: 13:30. Laws, IV.
September 29: 7:31*. Mount Hamilton, IV. Epicenter 10 miles east of Lick 

Observatory (Byerly).
October K: 16:38. Scotia, III. Ferndale, Fortuna, and Whitlow.
October 7: 16:57. Alton. III.
October 7: 20:00. Brawley,, slight foreshock.
October 7: 23:48. Brawley, IV or more. Imperial, III. Intermittent after 

shocks continued at Brawley on October 8.
October 8: 13:15. Calexico, El Centre, and Heber, IV. Several shocks at 

Calexico.
October 9: 14:45. Brawley, IV. El Centro, and Imperial. Two aftershocks 

at Brawley, 15:50, and 20:00. Five minor shocks (excluding that of Oct. 8) 
were reported in this region between the shock at 23:48 on October 7 and 
this shock.

October 10: 12:00. Brawley, slight.
October 16: 6:15. Gilroy, Hollister, and Watsonville, IV. Ill and under at 

Aptos, Pacific Grove, Santa Cruz, and Spreckels.
October 18: 20:00. Upland, weak.
October 19: 8:41. Del Monte, Monterey, Santa Cruz, IV. Ill and under at 

Hollister, Jamesburg, Metz, Paraiso Hot Springs, Soquel, and Spreckels.
October 19: 20:12. Upland, Pomona, San Bernardino, weak. Probably Navy 

target practice.
October 20: 13:25. Watsonville, III.
October 21: 2:30. Petaluma, III.
October 21: 7:26 and 9:29. Los Angeles and vicinity, IV. Felt at Hollywood, 

Lennox, Long Beach, San Pedro, Point Vicente Light Station, and 33.7° N., 
118.3° W.

October 21: 20:46. Upland, Ontario, and Cucamonga, III. Felt in San Bernar 
dino, Riverside, and other cities. Patton and Highland section indicated in 
press as origin.

October 23: 6:30. Monterey Peninsula, weak.
October 28: 20:45. Paso Robles, weak.
October 24: 2:05. San Francisco, III.
October 24'- 17:07. Oakland, San Francisco, and Soquel, IV. See map. Ill at 

Alviso, Aptos, Ben Lomond, Carquinez Strait Light Station, Centerville, 
Colma, Fort Point Light Station, Half Moon Bay, Hollister, Niles, Oakland 
Harbor Light Station, Redwood City, San Anselmo, Santa Cruz, Stanford, 
Sunol, and Watsonville. Weaker at Agnew, Corte Madera, Pacific Grove, 
Richmond, and San Jose.

October 26: 1:00. Colma, III.
October 31: 7:00. Hopland, IV. Ill and under at Cloverdale, Ukiah, and Upper 

Lake.
October 31: 20:45. Fontana, and Rialto, V. IV at Placentia, Riverside, San 

Gabriel, and Upland. Ill and less at Acton, Cajon, Colton, Cucamonga, 
Devore, El Mirage, Highland, La Verne, Mentone, Ontario, Patton, San 
Bernardino, San Gabriel Lookout Station, Summit, and Victorville.

November 2: 21:58. Spreckels, III.
November 3: 8:05*. Los Angeles County. T 4 S, R 14 W. (Wood).
November 3: 10:56*. San Francisco Bay region, IV. See map. Very slight 

damage reported from Alviso and Boulder Creek. IV at Alviso, Aptos, 
Boulder Creek, Centerville, Cupertino, Hayward, Olympia, Palo Alto, 
Pigeon Point Light Station, Redwood City, San Anselmo, San Francisco, 
Santa Cruz, San Jose, San Luis Obispo Light Station, Saratoga, Stanford, 
and Willow Glen. Ill and under at Agnew, Berkeley, Bonita Point, Corte 
Madera, Colma, Gilroy, Half Moon Bay, Los Gatos, Moss Beach, Mount 
Hermon, Niles, Oakland Harbor Light Station, Oakland, Morgan Hill, 
Salinas, Soquel, Spreckels, Stockton, Sunol, and Watsonville.

November 9: 10:58. San Jose, weak.
November 13: 19: . Summit, IV. Devo*re, III.
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FIGURE 2. Area affected by the
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earthquake of December 20.
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November 29: 14:40. Huntington Park. III.
November 31: 20:45. Rialto, IV.

1932

16:53*. Monterey Bay region, felt.
10:08. Huntington Beach (5 miles north of), IV. Blast?
11:03. Keen Camp, III.

December 3
December 6
December 6
December 11: 16:20. Fortuna, and Hollister, III.
December 12: 22:12. Modesto, IV.
December 14: 17:37*. Pattiway and Maricopa. Epicenter on San Andreas 

fault in southwestern Kern County (Wood).
December 16: ( ). Cowell, IV.
December 20: 22:10.* P.S.T. Western Nevada. Maximum intensity in epi 

central area, X to XI. 38°44' N., 117°49' W. Affected area 500,000 square 
miles or more. See map. This was a major shock recorded instrumentally 
in all parts of the world. There were no fatalities and very little property 
loss because the shock originated in a desert region far removed from centers 
of population. The epicenter was determined by the Coast and Geodetic 
Survey shortly after the earthquake and agrees reasonably well with the 
epicentral region as indicated by surveys in the field by other organizations. 
Further study of instrumental records is being made at the University of 
California.

A survey of the epicentral area was made by Dr. Eugene Callaghan of 
the United States Geological Survey and Prof. Vincent P. Gianella of the 
department of geology of the University of Nevada. The following quota 
tions descriptive of the shock are taken from a paper by them published in the 
Proceedings of the 1933 Joint Meeting of the Eastern Section of the Seismo- 
logical Society of America with the Section of Seismology of the American 
Geophysical Union, Washington, April 27, 28, and 29.

"The principal.shock of the earthquake accompanied the formation of a 
group of tension or open faults or rifts over an area 38 miles long and from 
4 to 9 miles in width in the lowland between the Gabbs Valley Range and 
Pilot Mountains on the west and the Paradise Range and Cedar Mountain 
on the east. The rift area ends to the north in south side of Gabbs Valley 
and to the south in the depression north of the Monte Cristo Range. The 
lowland is a partly dissected pediment-surface on Tertiary lake beds (Esmer- 
alda formation) and volcanic rocks with a thin mantle of detrital material. 
The contiguous mountain ranges are composed largely of Mesozoic sediments 
and intrusive rocks with some Tertiary volcanic rocks. In many places the 
rifts follow sharp breaks in slope or the margins of low hills, indicating that 
they are related to earlier faults. Altogether, some 60 rifts, both large and 
small, were found, but undoubtedly many more escaped notice because of 
the snow in many places and because of the short time the weather allowed 
for the field investigation.

"Individual rifts are from a few hundred feet to nearly 4 miles in length 
and consist of a zone of fissures that may range from a few feet to several 
hundred feet in length. The rifts range in width from a few inches to nearly 
400 feet. The rifts form an en echelon pattern in the rift area, as. shown in 
figure 1, as the greater number have an average trend of north 11° east, 
whereas the direction of the rift area is north 21° west. The strongest rifts 
occur in the southern part of the area. Some of them have a sigmoid form, 
and sharp turns and zigzags are common."

Further details will be found in the paper itself. Additional reports are 
expected from the authors on the results of further studies.

The intensity in the epicentral region is described by the same authors as 
follows:

"People were badly frightened and many suffered from nausea. Cattle 
stampeded at Fingerrock Camp, in the epicentral area. Some springs 
ceased to flow, some had increased flow, and others were unaffected. Boudlers 
were shaken from cliffs and hillsides. It was noted that balanced boudlers 
were generally not overturned whereas unbalanced boulders were displaced 
if the bond holding them was broken. In at least one place boulders on 
nearly flat ground were overturned in their beds and in many places the 
surface layer of soil was thoroughly shaken as though harrowed. Damage 
was confined to demolition of a stone cabin and an adobe cabin, cracks in 
the few brick or concrete structures in the vicinity, dislodged chimneys, 
damage to ore-treating plants and mines, broken dishes and other articles 
thrown from shelves, and minor items.

"A roar accompanied the inception of the principal shock, and the after 
shocks, where observed on hard rocks, were preceded by a rumble like distant 
thunder."
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Other reports from the area state that cattle were thrown off their feet; a 
mine property caretaker was thrown from his bed; and ore mill machine 
bases were cracked. Probably not more than a dozen people were in the 
area at the time of the shock.

The observed effects at several hundred places, as ascertained from a 
canvass of the area and from press dispatches, are abstracted in detail in a 
report issued by the San Francisco Field Station of the Coast and Geodetic 
Survey. Only a few of the outstanding features of the shock at towns nearest 
the epicentral region are briefly described here.

At Luning, Nev., about 30 miles west of the epicentral area, on the South 
ern Pacific Railroad, the onset was abrupt. There was a great rumble and 
roar. The motion was twisting and "seemed to be in great waves." A 
correspondent reports that china was thrown across a room, lamps were 
thrown down, and heavy furniture moved a foot from the wall. There was 
"considerable" damage. Chimneys and walls fell, furniture broke, and 
cracks appeared in the ground. At Mina chimneys fell and trees and bushes 
were shaken strongly. At Hawthorne damage was slight in brick masonry 
and concrete. Trees were shaken strongly. Strong motion with serious 
damage was reported from many other places just beyond the epicentral 
area.

Ground movements were detected while making astronomical observa 
tions at the International Latitude Observatory at Gaithersburg, Md. 
Star images were turbulent and at another time the leveling bubble reversed 
itself about seven or eight times over 10 divisions corresponding to 10" 
of arc. This station is 2,200 miles from the epicenter.

Intensity IX at Luning, Nev. VIII at Candelaria, Gerlach, Mina, Round 
Mountain, and Simon, Nev. VII at Austin, Currie, Fallen, Gilbert, Haw 
thorne, Lovelock, Mason, Schurz, and Weeks, in Nevada. VI at Broken 
Hills, Dayton, Dyer, Elko, Ely, Goldfield, Halleck, Millers, Nyala, Pahrump, 
Potts, Reno, Silver City, Silver Peak, Sparks, Steamboat Springs, Steptoe, 
Sunnyside, Verdi, and Winnemucca in Nevada, and Newman in California. 
V at Beatty, Carson City, Deeth, Dixie Valley, Fernley, Flanigan, Gardner- 
ville, Huntington Valley, Hazen, Imlay, Jiggs, Minden, Mountain City, 
Mount Montgomery, Preston, Pyramid, Red House, Ruby Valley, Simpson, 
Stillwater, Tonopah, Ursine, Virginia City, Wabuska, Wichman, Yerington, 
and Zephyr Cove on Lake Tahoe in Nevada. In California at Brooks, 
Carquinez Strait Light House, Colma, Dinuba, Easton, Gustine, Keeler, 
Lodi, Lone Pine, Los Banos, Modesto, Mendota, Nevada City, Omo Ranch, 
Patterson, Owenyo, Sanger, Sattley, Selma, Sonora, Stanislaus, Sutter Creek, 
Tahoe, Trona, Waterford, and Woodland. In Utah at Callao.

IV at Alamo, Antioch, Baker, Beowawe, Bodie, Carlin, Charleston, Cherry 
Creek, Contact, Dry Lake, Eureka, Glenbrook, Golconda, Gpldpoint, Hiko, 
Hudson, Jean, Kimberly, Lamoille, Las Vegas, Lee, Lund, Midas, Mill City, 
Montello, Nixon, North Fork, Oreana, Orovada, Panaca, Ruth, Shoshone, 
St. Thomas, Simonsen, Strawberry, Sulphur, Tuscarora, Unionville, Uvada, 
Valmy, and Wellington, in Nevada. In Utah at Adamsville, Beryl, Gandy, 
Ibapah, and Milford, all in Nevada. In California at Aberdeen, Atwater, 
Bass Lake, Bayles, Big Creek, Bigpine, Blythe, Brown, Byron, Caliente, 
Coalinga, Colma, Comptonville, Corcoran, Dos Palos, Douglas Flat, Dove 
Springs, Ducor, El Nodo, El Portal, Freeport, Fresno, Georgetown, Giant 
Forest, Graeagle, Grass Valley, Herald, Independence, Isleton, Knights 
Landing, Laws, Le Grand, Lemoore, Ludlow, Mare Island, Martell, Merced, 
Meridian, Milton, Mossdale Bridge, Mpjave, Oakland Harbor Light Station, 
Oakland, Oroville, Pittsburg, Placerville, Prattville, Rio Vista, Roseville, 
Sacramento, Sequoia National Park, Spreckels, Stockton, Three Rivers, 
Tollhouse, Tracy, Tulare, Vallejo, Ventura, Visalia, Wheatland, Wheeler 
Ridge, Woodlake, and Yolo. In Utah at Adamsville, Beryl, Callao, Gandy, 
Ibapah, and Milford.

Intensity III and under at Arthur, Bunkerville, Cortez, Goodsprings, 
Jarbridge, McDermitt, McGill, Mesquite, Metropolis, Overton, Pioche, 
Rochester, Rowland, .Sharp, Tobar, Tybo, Vya, and Wells in Nevada. In 
California at Agnew, Alameda, Alcatraz, Auburn, Avenal, Bakersfield, 
Benicia, Bethany, Biggs, Charleston, Chico, Davis, Eagleville, Fair Oaks, 
Fillmore, Forest, Fowler, Fullerton (4 miles northwest), Greenville, Haiwee, 
Hollister, Imperial, Inyokern, Jamestown, Janesville, Jaw Bone, Kennett, 
Kernville, Lancaster, Little Lake, Livermore, Los Angeles, Long Beach, 
Magunden, Manteca, McFarland, Mentone, Napa, Needles, Newman,
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FIGURE 3. Areas affected by the California shocks of June 6 and 14, July 25, October 21, and November 3
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Olancha, Onyx, Oxnard, Petaluma, Quincy, Ravendale, Robbing, Rosamond, 
St. Helena, San Diego, San Jose, Scotia, Squaw Valley, Suisun, Tahoe Pines, 
Taylorsville, and Volcanoville. In Arizona at Apache, Cordes (9 miles 
east), Jeddito, Oatman, Sanders, Tuweep Valley, Wilcox, and Wintersburg. 
In Idaho at Boise, Cottonwood, Rogerson, and Weston. In Oregon at 
Andrews (25 miles southwest), Carson, Jordan Valley, Klamath Falls, and 
Vistillas. In Washington at Sultan. In Utah at Hurricane, Rockville, 
Salt Lake City, and Virgin.

It was reported not felt at about 500 places in the surrounding territory.
A foreshock was reported to have occurred about 40 minutes before the 

main shock.
The earthquake was featured by hundreds of aftershocks, many of which 

were felt in the epicentral zone or either recorded at the seismological station 
at Tinemaha where about 2,000 were counted. The recorded shocks were 
practically continuous for a day or more after the main shock and occurred 
at frequent intervals for weeks after. An especially strong one was recorded 
on December 25 at 21:03.

Five or six were quite generally felt at Tonopah during the following 
month, but light shocks were noticed by experienced observers almost daily. 
A disturbance was reported" from Austin on December 24 and another from 
Yerington on December 30. The three places mentioned are widely 
separated around the epicentral region. 

December 21: 22:30. San Francisco, slight. 
December 22:  . Huntington Beach, slight. 
December 26: 6:00. Mecca, slight.

WASHINGTON AND OREGON
[120th meridian or Pacific standard time]

January 6: 15:13*. Near Sultan, Wash., about 30 miles northeast of Seattle, 
IV. See map. Moderate shock recorded at the University of Washington, 
near Seattle. Superficial damage reported at Monroe, although it is doubt 
ful whether grade V was reached. IV at Bothell, Carnation, Darrington, 
Granite Falls, Monroe, Port Madison, Seattle, Silverton, Snohomish, and 
Sultan. Force III and under at Bellingham, Bryant, Bucoda, Chehalis, 
Goldbar, Longmire, Lowell, Mukilteo, Olalla, Olympia, Oso, Poulsbo, 
Quilcene, and Rollingbay.

January 6: 14:35. Pysht, Wash., II.
January 14'- 8:18. Portland, and Willamette, Oreg., IV. Also felt at Forest 

Grove, Hillsboro, Longview, Ridgefield, Vancouver, and Yacolt, Wash.
January 81: 7:25. Alderwood Manor, Wash., III.
February 10: 23:10. Sultan, Wash., III + .
February 19: 12:13. Sultan, Wash., III + .
February 29: 9:45. Florence, Wash., slight.
April 23: 5:20. Sedro-Wooley, Wash., no damage.
June 10: 18:55. Fortson, IV. Also felt at Bryant, Granite Falls, and Hartford. 

Felt most strongly at Edgecomb.
June IS: 10:30. Sultan, Wash., feeble.
July 17: 22:03*. Near Sultan, Wash., about 30 miles northeast of Seattle, IV. 

See map. The most widespread shock of the year in this locality. No 
damage reported. Recorded on the University of Washington seismograph 
which indicated a distance of about 70 km, ignoring depth of focus. It was 
relatively deep-seated judging from the distribution of intensity. IV at 
Bothell, Bryant, Carnation, Cedar Falls, Everett, Goldbar, Hunts Point, 
Index, Lakeside, Leavenworth, Maple Valley, Miller River, Nigger Creek, 
Olalla Canj^on, Pateros, Renton, Robe, Silverton, Snohomish, Sultan, 
Tracyton, and Wenatchee. Ill and under at Big Four, Birdsview, Black 
Diamond, Campville, Cashmere, Chelan, Cle Elum, Concrete, Conway, 
Coupeville, Custer, Darrington, Easton, Edgecomb, Edmonds, Ellensburg, 
Entiot, Florence, Granite Falls, Issaquah, Kanskat, Kent, Lake Sammamish, 
La Grande, Longmire, Lowell, Mansfield, Monitor, McMurray, Monroe, 
Mount Vernon, Mukilteo, Olympia, Peshastin, Pinehurst, Port Orchard, 
Port Townsend, Puyallup, Quilcene,_Ronald, Seattle, Sedro-Wooley, Sequim, 
Snoqualmie, Snoqualine Pass, Summit, Sunnyside, Tacoma, Waterville, 
Winslow, Winton, and Yakima.
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FIGURE 4. Areas affected by the shocks of January 5, July 17, and August 6.
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August 6: 14:16. Seattle, Wash., VI. See map. Strongly localized. No other 
towns report intensity higher than IV. Recorded at Seattle, where a few 
chimneys were demolished, and others badly damaged. IV at Langley and 
Medina. Ill and under at Bainbridge Island, Bellevue, Bothell, Burien, 
Cove, (Des Moines), Earlington, Fletcher Bay, Maple Valley, Mukilteo, 
Moran School, Olalla, Port Madison, Possession, Richmond Beach, (Rich 
mond Highlands), (Rollingbay), Southworth, Suquamish, Tracyton, and 
Vashon. (Parentheses indicate time of day not reported, and possible con 
fusion with shock at 22 h.)

August 6: 22:00. Near Sultan, Wash., about 30 miles northeast of Seattle, IV. 
See map. Moderate. IV at Baring, Burley, Kerriston, and Startup, Wash. 
Ill and under at (Alder), Algona, Auburn, (Black Diamond), (Clinton), 
Dash Point, Ellisport, Fort Steilacoom, Lakebay, Lakota, Lyman, (Maple 
Valley), Norman, Oak Harbor, Portage, and Waterman, Wash. (Paren 
theses indicate time of day not reported, and possible confusion with shock 
at 14 h.)

August 15: 2:30. Chelan, Wash., III.
August 25: 3:20. Seattle, Wash., III.
August 30: 23:50. Sultan, Wash., III.
September 5: 10:30. Lakeside, Wash., III. Slight shock.
September 19: 23:05. Sultan, Wash., III. Slight shock.
October 5: 11:20. Anacortes, Wash., IV. Also felt at Prevost.

ALASKA
[Local time at the place reporting is used here]

NOTE. There is some uncertainty concerning the standard time used in many Alaska towns, but it is 
believed that most places use the time of 150th meridian.

January 9: 17:40 (150°+). Fairbanks. No details.
January 10: 1:29. Girdwood, weak.
January 11: 16:30. Valdez, weak.
January 11: 16:52. Girdwood, IV.
January 14: 13:43. Whale Island, Afognak. No details.
January 18: 12:12. Girdwood, weak.
January 24'- 4:08. Girdwood, slight.
January 24: 4:30. Homer, weak.
January 24'- 5:21. Homer, weak.
January 24'- 5:35. Girdwood and Seward, weak. Series of small shocks lasting

half hour.
January 26: 16:20 (150° + ). Whale Island, Afognak. No details. 
February 7: 20:10. Porcupine Creek, near Miller House, slight. 
February 8: 2:00. Girdwood, weak. 
February IS: 5:47. Girdwood, weak. 
February 15: about 3:00. Girdwood, weak. 
February 20: 22:51. Girdwood, slight. 
February 24: 9:16. Juneau, weak. 
February 24'- Time uncertain. Porcupine Creek, Haines. "Two distinct earth

shocks."
March 1: 9:35. Girdwood, weak. 
March 3: 2:31. Girdwood, sharp. Awakened everyone. Walls creaked. Rattled

windows and doors.
March 3: 23:34. Mount McKinley National Park, weak. Felt by all. 
March 7: 15:15 (150°). Nenana. No details. 
March 25: 13:58 (150°). Seward, VII. Girdwood, IV, Avik, Dillingham,

Naknek, Lakotna, and Wasilla, III and under. At Seward, a water main
burst. Slides occurred on railroad to north. Fishermen reported fish driven
off nearby banks.

March 25: 15:03 (135°). Mile 7 (Cordova), several seconds. No other details. 
March 25: 22:42. Girdwood and Anchorage, slight. 
March 29: 18:35. Girdwood, slight. 
March 31: 17:06. Girdwood, IV. 
April 19: 10:10. Whale Island. No details. 
April 21: 2:14. Fairbanks, about V.
April 26: 11:10. Annex Creek, near Thane and Juneau, slight. 
May 26: 21:30. Porcupine Creek, near Haines, 5 seconds. 
June 2: 11:05. Whale Island, half minute.
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June 5: 13:01. Gird wood, slight.
June 5: 20:22. Girdwood, weak.
June 5: 21:33. Girdwood, IV.
June 5: 21:40. Girdwood, weak.
June 6: 21:25. Seward, slight.
June 7: 18:45. Takotna, weak.
June 7: 23:00. Holy Cross, slight.
September 1: 3:00. Homer, about IV.
September 2: 18:30. Homer, weak.
September 13: 22:43. Ellamar, Homer, Valdez, and Wasilla, V. Clocks stopped.

Widely recorded on seismographs. 60° N., 147° W. 
October 3: 8:30. Anthracite Camp, slight. 
October 6: 5:40. Seldovia, slight.
October 6: 6:49. Homer, slight. May be same one felt at Seldovia. 
October 6: 7:05. Homer. Awakened all. Moved small objects slightly. No

damage.
October 12: 4:30. Seldovia, slight. 
October 12: 5:00. Homer, slight. 
November 17: 12:30.   Susitna, slight. 
November 19: P.M. College, slight. 
December 5: 18:00. Susitna, slight. 
December 9: 17:05. Sitka. Felt by few. Recorded on seismograph at Sitka.

HAWAIIAN ISLANDS
[157H meridian (West) time]

NOTE. In the case-of these islands with their many earthquakes of volcanic origin only the more severe 
ones are listed. Eeports of the Volcano Eesearch Laboratory under the jurisdiction of the United States 
Geological Survey and the Hawaiian Research Association give all details.
September 17: 2:33. S.S. Mericos H. Whittier. "Ship vibrated violently for 

about a minute." Lat. 26° 15' N., long. 148°36' W.

PHILIPPINE ISLANDS
[157H meridian (East) time]

NOTE. Only the more important shocks are included in this report. 
Manila Central Observatory, for complete data.)

(See reports of Weather Bureau,

June 14: 14:00. Northern Luzon. Looag and Cape Bojeador, VI, R-F. (See 
instrumental reports.)

September 15: 19:13. Zamboanga, VI, R-F. Jolo, V, R-F. .Felt in Southwest 
Mindanao and Sulu Archipelago. Epicenter in region 5° N., 122° E., accord 
ing to Manila. Aftershock felt at 19:55.

Nothing.

PUERTO RICO
[60th meridian time]

CANAL ZONE
[75th meridian time]

Februarys: 16:16. Balboa.
February 20: 5:48. Balboa.
August 24'- 14:22. Balboa and Panama City.
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INSTRUMENTAL REPORTS

It has been decided for reasons of economy to omit publication of 
instrumental data in this report. Anyone interested in them may 
find substantially the same material in the monthly instrumental 
seismological reports of the Bureau, copies of which will be furnished 
upon request to those interested in seismological work.

In the following list of provisional epicenters attempts have.been 
made in some instances to improve on the values given in the monthly 
reports, especially in cases of North American earthquakes. The 
epicenter locations are based on the readings of seismpgrams sent 
direct to this office for interpretation, and also on a limited number 
of instrumental reports received from stations exchanging reports 
with this Bureau. In the former group are Bozeman, Mont. (Mon 
tana State College); Chicago, 111. (University of Chicago and U.S. 
Weather Bureau); Charlottesville, Va. (University of Virginia); 
Columbia, S.C. (University of South Carolina); Honolulu, Hawaii 
(University of Hawaii); Huancayo, Peru (Carnegie Institution 
of Washington); Pittsburgh, Pa. (University of Pittsburgh); San 
Juan, P.R.; Sitka, Alaska; Technology, Maine (Massachusetts 
Institute of Technology); Tucson, Ariz.; Seattle, Wash. (Univer 
sity of Washington); and Ukiah, Calif. (International Latitude 
Observatory).

SUMMARY OF INSTRUMENTAL RESULTS

Date, 1932

Jan. 20.       
Jan. 24.,..-.-..,-...

Jan. 29. __ .... ....
Jan. 31.............

Feb. 3..... .........
Feb. 16  ..........
Feb. 17..   ........
Feb. 23..  ........

Mar. 2.............
Mar. 8-..-  .....

Do... ..........
Mar. 10..... ....

Mar. 14.  ........
Do.............

Mar. 15............
Mar. 19.. _ . ......
Mar. 25..  .......
Mar. 26_. ....... ...
Apr. 3...... ........
Apr. 12.  .........
Apr. 14.............
Apr. 24.... .........
Apr. 26   ..... ...
Apr. 29.............
Apr. 30   ........

May 14.. ..........

May 21. ...........
May 22.. ..........

Do...  .......
May 26.. ..........

Greenwich 
civil time 
of origin  

h m 
1 53.5 

10 21.1 
2 30.5 
3 44.0

13 41.0 
9 23.6

6 16.0 
13 48.9 
16 07.0 
0 16.2

17 40.8 
4 29.6 

18 00.9 
23 01.6

4 05.8 
22 42.9 

4 31.8 
10 59.0 
23 58.6 
9 52.2 

20 39.1 
23 62.5 

1 38.2 
6 10.8 
7 54.8 

18 18.5 
1 06.4 

19 10.4 
13 10.7

10 10.1 
11 29.4 
22 39.9 
16 09.5

Kegion

New Hebrides Islands, South Pacific Ocean. Ap 
proximate epicenter. 

Solomon Islands (Epicenter reported by Apia), . 
California, off coast. Epicenter reported by Pasa 

dena. 
Cuba, destructive in Santiago.   - _  -. .

South Atlantic Ocean (Epicenter by St. Louis). 
Approximate epicenter.

Mexico, fslt in Vera Cruz and Oxaca. Approxi 
mate epicenter.

.....do. __ . _______ . ______________

Celebes Islands. Destructive at Menado. Epi 
center reported by Batavia.

Near Fiji Islands __________ . __ . ___ ...

Provisional 
epicenter

Latitude

32.0 8. 
6 S. 

11 8. 
18 8.

6.4 S.
40 N.

19.8 N. 
14 S. 
12 N. 
55.8 S.

43 N. 
51 N. 
18 S. 
18 N.

20. 5 N. 
8 N. 

12.6 N. 
16.5 N. 
61.5 N. 
4.3 S. 

32 S. 
5 S. 

60 N. 
24.5 N. 
26.2 S. 
51 N. 
4 S. 

26 N. 
0.5 N.

13.0 N. 
20 S. 
13 N. 
23 S.

Longi 
tude

117. 7 W. 
155 E. 
77 W. 

168 E.

154.8 E. 
130 W.

75. 8 W. 
179 W. 

74. 5 W. 
29. 7 W.

131 W. 
176 W. 
179 E. 
95 W.

109 W. 
72 W. 

146.3 E. 
149 E. 
153.0 W. 
128.3 E. 
177 W. 
152 E. 

34 W. 
111.3 W. 

70. 3 W. 
178 W. 

12 W. 
104. 5 W. 
126.0 E.

88. 1 W. 
174 W. 
90 W. 

177 W.
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Date, 1932

Junc3.... .........
Do.  .........

June 4 ____ . .....

Do.............

Do.............

June 14.. ..........
Do...  .......

June 18.. __ . .....
Do  ..........

June 20 .............
Do... ..........

June 21 .............
Do  ..........

June 22 ______ .
June 27 .............
June 29 .............
July 6-.,.. .  .
July? .  .......
July 9... .......... .
July 10... ..........
July 12   ........
July 13   ..... ...

Do   .....
July 20...... .......
July 21...... .......

Do-  .  ..
July 25. _____ ..
July 26  >.    
July 27   ... .... .

Aug. 11............
Aug. 12............
Aug. 13.. ..........
Aug. 14. ...........
Aug. 17...     .
Aug. 21....  ... ..

Aug. 25....  ... ..

Sept. 8       
Sept. 14..  ..-..

Do... .... ..... .

Sept. 23............
Sept. 26   ........
Sept. 29  .........

Do. ___ .. ...
Oct. 2...... ... .....
Oct. 3..,   ........

Oct. 11... ..........
Oct. 16-....     ..
Oct. 17      
Oct. 29        
Oct. 30 ____ ......
Nov. 2..   ......
Nov. IS,.... ___ .
Nov. 17..    ... ...
Nov. 18..    ... ...
Nov. 26. __ . .....
Nov. 29...... ......

Dec. 4  .... ..... ..
Do   ..... ...
Do ..   .....

Dec. 7  ....    -
Dec. 9  . ___ .
Dec. 19   .-.....

Dec. 21    _   
Dec. 24     
Dec. 25. _ ........

Greenwich 
civil time 
of origin

h m 
10 36.7 
17 39.9 
21 39.3 
9 04.6 
8 44.7 

11 49.9 
4 53.6 
7 52.7 
4 35.8 
5 59.7 
9 44.3 

10 12.1 
21 59 
9 01.8 
9 25.8 
4 19.0 
4 33.6 

12 59.4 
10 07.3 
22 20.0 
15 07.2 
16 15.7 
12 56.2 

7 45.5 
19 24.1 

2 26. 1 
4 05.7 

20 05.6 
0 06.6 

12 39.8 
9 12.8 
6 52.0 

21 19. 7 
4 25.7 
6 37.5 
9 42.1 
3 24.1 

20 56.3 
4 39.6 
8 46.7 
4 15.5 
3 40.1 
8 05.7 

11 59.0 
1 41.2 
8 43.4 

11 13. 5

13 64.8

14 22.2 
19 20.8 
3 57.3 

17 46.7 
2 59.3 
4 37.5

19 08.4 
12 08.1 
13 25.0 
3 36.6 

20 47.1 
11 03.3 
4 46.9 
6 02.8 
0 59.5 
4 24. 1 

11 11.1 
6 19.9 
4 04.1 
8 11.0 

10 32.8 
16 22.2 
8 35.0 
6 28. 9 
2 39.5 
6 10.2 
6 30.6 
2 04.5

Region

... -do   ....... ...... . ..      ........ ..
  __do...        . ..-     

Philippine Islands, felt. Epicenter by Manila ....

... .. do-                 .......

California, felt at Campo. Epicenter by Pasadena.

..  do.           .       

Philippine Islands. Felt in Mindanao. Epi 
center by Manila. 

New Zealand. Destructive at Gisborne. Epi 
center by Wellington.

.... .do                 ......

Near Galapagos Islands, off Ecuador. Approxi 
mate epicenter.

Celebes Sea, East Indies. Epicenter by Batavia..

Peru-     ---   __ ......... ............

Provisional 
epicenter

Latitude

18.5 N. 
18.5 N. 
18.5 N. 
18.5 N. 
40.8 N. 
19.8 N. 
63 N. 
63 N. 
18. 5 N. 
18. 3 N. 
37. 2 N. 
18.5 N. 
18.5 N. 
12 N. 
42 N. 
14 N. 
14 N. 
18.5 N. 
31.8 N. 

5 N. 
19 N. 
28.0 N. 
14 S. 
41 N. 
25 N. 
21 N. 
25 N. 
27.7 S. 
29 N. 
3.5 S. 

18.5 N. 
35.8 N. 
7 S. 
1 N. 

51 N. 
49 N. 
52 N. 
50 S. 
27 N. 
14 N. 
24 N. 
17 N. 
19 N. 
41 N. 
18.5 N. 
60 N. 

5 N.

39.1 S.

42.9. N. 
40 N. 
40 N. 
47 N. 
12 N. 

1 S.

25 N. 
54 N. 
1 S. 

18 N. 
54 N. 
24 S.. 
44 N. 
18 N. 
14 N. 
42 N. 
32 S. 
14 S. 
35 N. 
2.1 N. 
2.9 N. 

19 N. 
15 S. 
14 N. 
20 N. 
38.7 N. 
2 S. 

39 N.

Longi 
tude

0

104 W. 
104 W. 
104 W. 
104 W. 
124.3 W. 
75.8 W. 

155 W. 
155 W. 
104 W. 
120.2 E. 
122. 1 W. 
104. 0 W. 
104 W. 
90 W. 

133 W. 
96 W. 
96 W. 

104 W. 
116.3 W. 

77 W. 
75 W. 

114.0 W. 
167 E. 
144 E. 
110 W. 
109 W. 
110 W. 
176. 9 W. 
114 W. 
137.5 E. 
104 W. 
118.5 W. 
130 E. 
127 E. 
163 E. 
166 W. 
168 W. 
165 E. 
97 E. 
92 W. 

122 E. 
104 W. 
107 W. 
144 E. 
104 W. 
147 W. 
122 E.

178.6 E.

138 E. 
24 E. 
24 E. 

153 E. 
86 W. 
93 W.

110 W. 
159 W. 
160 E. 
105 W. 
159 W. 
113 W. 
137 E. 
103. 6 W. 
95 W. 

142 E. 
72 W. 

172 W. 
36 W. 

121.9 E. 
121.8 E. 
103.5 W. 

75 W. 
92 W. 

105 W. 
117.8 W. 
147 E. 
96 E.



UNITED STATES EARTHQUAKES, 1932 21

MISCELLANEOUS SEISMOLOGICAL ACTIVITY 

GEODETIC WORK

During the year 1932, three arcs of triangulatipns for the investiga 
tion of earth movements were completed in California. One arc ex 
tends northeastward from the coast in the vicinity of San Luis Obispo, 
another extends from San Fernando to Bakersfield, and the third is lo 
cated in the vicinity of Taft. These arcs all consist of a main scheme 
of first-order accuracy with numerous second-order stations located 
in the vicinity of the fault lines.

At the beginning of the calendar year 1932, a field party was en 
gaged in rerunning several lines of first-order levels in the area 
roughly bounded by Santa Barbara, Chatsworth, Burbank, Los 
Angeles, Ontario, Riverside, Santa Ana, and the Pacific coast. The 
releveling was completed in May 1932. Considerable movement of 
bench marks was found, especially in the southeastern portion of the 
area, and in December 1932 releveling was started on the line from 
Santa Ana to San Diego, Calif. This work was in progress at the 
end of the year.

HYDROGRAPHIC WORK

Vessels of the Coast and Geodetic Survey are directed to make 
reports of visible or felt effects of earthquakes. No shocks were 
reported.

TIDAL OBSERVATIONS

Tidal records from the numerous gages on the Atlantic and Pacific 
coasts were examined. No records of seismic sea waves were found.
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INTRODUCTION

This publication is a summary of earthquake activity in the United 
States and the regions under its jurisdiction for the calendar year 
1933. The period up to 1927 for the United States is covered (for 
all except minor earthquakes) by Special Publication No. 149 of this 
Bureau, "Earthquake History of the United States Exclusive of the 
Pacific Region", and by several publications for the Pacific region. 
These include the Holden and McAdie catalogs * and a forthcoming 
publication of the Seismological Society of America which will extend 
the record through 1927. The period from 1928 on is covered by 
the series to which the present publication belongs. United States 
Coast and Geodetic Survey Special Publication No. 191 entitled, 
"Destructive and Near Destructive Earthquakes in California and 
Western Nevada, 1769-1933", was issued early in 1935.

Earthquakes of volcanic origin in the Hawaiian and Philippine 
Islands are not included, and only severe shocks are included in the 
case of the Philippine Islands, as complete reports are published by 
the Manila Central Observatory. Earthquakes adjacent to the 
United States and felt within its borders are described only in a gen 
eral way when detailed descriptions are published elsewhere. The 
instrumental results are given for the principal earthquakes of the 
year regardless of location.

The noninstrumental information has been furnished by a iarge 
number of individuals and organizations whose voluntary coopera 
tion has made it possible to prepare descriptions of the earthquakes 
of this country with a completeness and accuracy never before 
attained. Lack of space prohibits giving individual credit to all of 
these cooperators. The principal sources of information are as 
follows:

United States Weather Bureau.
Division of geology and geography of the National Research Council.
Central office of the Jesuit Seismological Association at St. Louis, Mo.
The San Francisco Field Station of the Coast and Geodetic Survey, cooperating 

with the Seismological Laboratory of the Carnegie Institution and California 
Institute of Technology (H. O. Wood, research associate, in charge), University 
of California (Perry Byerly in charge of the Seismological station), and Stanford 
University. These persons are usually responsible for instrumental determina 
tions of epicenters in California when given. Among the commercial agencies 
in this section there are a number of cooperators, including the Pacific Telephone 
& Telegraph Co., Great Western Power Co., National Board of Fire Under 
writers, Southern California Telephone Co., Standard Oil Co. of California, 
Associated Oil Co., Southern Pacific Railroad, San Diego & Arizona Railway Co., 
Associated Factory Mutual Fire Insurance Cos., Clay Products Institute of 
California, Board of Fire Underwriters of the Pacific, with more than 20,000 
correspondents, the Southern Sierras Power Co., also a large number of other 
organizations and individuals. In the State of Washington the Supervisor of 
Geology (H. E. Culver), Department of Conservation and Development, Pull 
man, actively cooperates.

1 Smithsonian Miscellaneous Collections, 1089. A Catalog of Earthquakes on the Pacific Coast, 1769- 
1897. Edward S. Holden. Smithsonian Miscellaneous Collections, 1721. Catalog of Earthquakes on 
the Pacific Coast, 1897-1901. Alexander Of. McAdie.
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The large number of reports received from Alaska in 1933 is due largely to 
the successful efforts of Dr. C. E. Bunnell, president of the Alaska Agricultural 
College and School of Mines, in organizing a corps of volunteer observers.

Press dispatches (received through the courtesy of Georgetown University).
Telegraphic reports collected by Science Service, Washington.
Reports from individuals.
Bulletin, Seismological Society of America, 1933.

In addition to the above sources of information, the Coast and 
Geodetic Survey, or its field station at San Francisco, canvasses areas 
affected by shocks of unusual intensity. In this way the extent and 
the maximum intensities of all heavy shocks are determined and the 
data are usually sufficient to construct isoseismal maps. The destruc 
tive features of these shocks are enumerated in the abstracts, but 
otherwise the descriptive matter is reduced to a minimum. The 
original reports are open for inspection by anyone interested in 
unpublished details. For 1933 more detailed descriptions of earth 
quakes on the west coast will be found in mimeographed reports 
issued at the San Francisco Field Station.

Beginning with the 1931 number of this series, Serial No. 553, the 
Coast and Geodetic Survey has used and will continue to use, the 
modified Mercalli intensity scale of 1931, in place of the Rossi-Forel 
scale, to designate the intensity of earthquake activity. All intensity 
numbers therefore refer to the new scale. The reasons for this change 
are set forth in an article entitled "Modified Mercalli Intensity Scale 
of 1931", by Harry O. Wood and Frank Neumann, in the December 
1931, number of the Bulletin of the Seismological Society of America, 
volume 21, no. 4. This article contains the original unabridged scale 
and also an abridged scale. The latter is given here together with 
equivalent intensities according to the Rossi-Forel scale.

MODIFIED MERCALLI INTENSITY SCALE OF 1931

[Abridged]

I. Not felt except by a very few under especially favorable circumstances. 
(I Rossi-Forel scale.)

II. Felt only by a few persons at rest, especially on upper floors of buildings. 
Delicately suspended objects may swing. (I to II Rossi-Forel scale.)

III. Felt quite noticeably indoors, especially on upper floors of buildings, but 
many people do not recognize it as an earthquake. Standing motor cars 
may rock slightly. Vibration like passing of truck. Duration estimated. 
(Ill Rossi-Forel scale.)

IV. During the day felt indoors by many, outdoors by few. At night some 
awakened. Dishes, windows, doors disturbed; walls make cracking 
sound. Sensation like heavy truck striking building. Standing motor 
cars rocked noticeably. (IV to V Rossi-Forel scale.)

V. Felt by nearly everyone; many awakened. Some dishes, windows, etc., 
broken; a few instances of cracked plaster; unstable objects overturned. 
Disturbance of trees, poles, and other tall objects sometimes noticed. 
Pendulum clocks may stop. (V to VI Rossi-Forel scale.)

VI. Felt by all; many frightened and run outdoors. Some heavy furniture 
moved; a few instances of fallen plaster or damaged chimneys. Damage 
slight. (VI to VII Rossi-Forel scale.)

VII. Everybody runs outdoors. Damage negligible in buildings of good design 
and construction; slight to moderate in well-built ordinary structures; 
considerable in poorly built or badly designed structures; some chim 
neys broken. Noticed by persons driving motor cars. (VIII Rossi- 
Forel scale.)

VIII. Damage slight in specially designed structures; considerable in ordinary 
substantial buildings with partial collapse; great in poorly built struc 
tures. Panel walls thrown out of frame structures. Fall of chimneys, 
factory stacks, columns, monuments, walls. Heavy furniture over-



UNITED STATES EARTHQUAKES, 1933 O

turned. Sand and mud ejected in small amounts. Changes in well 
water. Disturbs persons driving motor cars. (VIII+ to IX to Rossi- 
Forel scale.)

IX. Damage considerable in specially designed structures; well-designed frame 
structures thrown out of plumb; great in substantial buildings, with 
partial collapse. Buildings shifted off foundations. Ground cracked 
conspicuously. Underground pipes broken. (IX + Rossi-Forel scale.)

X. Some well-built wooden structures destroyed; most masonry and frame 
structures destroyed with foundations; ground badly cracked. Rails 
bent. Landslides considerable from river banks and steep slopes. 
Shifted sand and mud. Water splashed (slopped) over banks. (X 
Rossi-Forel scale.)

XI. Few, if any (masonry), structures remain standing. Bridges destroyed.
Broad fissures in ground. Underground pipe lines completely out of
service. Earth slumps and land slips in soft ground. Rails bent greatly.

XII. Damage total. Waves seen on ground surfaces. Lines of sight and level
distorted. Objects thrown upward into the air.

In the noninstrumental reports an asterisk (*) indicates that the 
time is taken from an instrumental report and is reliable. In other 
instances quite large deviations are frequently reported. In the 
case of California, earthquakes reported as feeble at only one point are 
not plotted on the epicenter map of the United States, nor are minor 
aftershocks plotted for heavy earthquakes in California or any other 
region. The reader should bear in mind that the information service 
in California has been developed to a point not approached in any 
other section of the country. Attention is again called to the fact 
that more detailed information on California earthquakes of 1933 has 
been published in mimeograph form at the San Francisco Field Station 
of the Coast and Geodetic Survey. As the Pacific coast epicenters 
obtained from instrumental data have not been published in their 
entirety, the forthcoming publications of the Research Laboratory at 
Pasadena, and the seismological station at Berkeley should be con 
sulted for a complete record of the year's activities.

Time is indicated as continuous from 0 to 24 hours, beginning and 
ending with midnight. In noninstrumental reports local standard 
time is indicated. In the summary of instrumental results Green 
wich civil time is used.

Within the United States the same regional arrangement has been 
followed as in Special Publication No. 149, previously mentioned, 
except that Washington and Oregon have for convenience been 
treated separately from California.

The published epicenters have been determined at the Washington 
office unless otherwise stated. Quite often they represent the mean 
of the positions determined by the bureau and the central station of 
the Jesuit Seismological Association cooperating with Science Service. 
Immediate epicenter determinations from telegraphic reports are 
frequently made through the cooperation of these institutions and 
individual seismograph stations and the results broadcast without 
delay to Europe and points in the Pacific. As the published epi 
centers are based on only a portion of the available data, they must 
be considered provisional.

COOPERATION OF INVESTIGATORS SOLICITED

In order that these publications may be as complete as possible in 
the more important details of earthquakes and in references, it is 
desired that investigators cooperate to the fullest extent. Such 
cooperation will be to the mutual advantage of everyone concerned.
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The Bureau is willing to furnish investigators all information at its 
disposal consisting principally of seismographic records and post card 
questionnaries obtained in many instances through special can 
vassing of affected areas. In return it is requested that preferably 
advance notices be furnished of results obtained so that abstracts 
and references may be inserted with due credit, of course, given the 
sources. An advance notice of a planned investigation might save 
considerable overlapping of effort and would give wider publicity to 
the work of the investigator.

STRONG MOTION SEISMOGRAPH RESULTS

In 1932 the Coast and Geodetic Survey inaugurated a program of 
strong motion seismological work designed to furnish the engineer 
and others interested with data considered essential to the design of 
earthquake resistant structures. Although some reports have been 
published in mimeographed and other form it is the consensus of 
opinion that such reports should be published in more permanent 
form. This number therefore contains the first reports to be issued 
in permanent form covering this activity from the time the work 
began in 1932 until the end of 1933.



NONINSTRUMENTAL RESULTS
EARTHQUAKE ACTIVITY IN THE VARIOUS STATES

Arizona: Slight shock in central part on November 27.
Arkansas: Moderately strong shock in northeastern part on December 9.
California: The Long Beach earthquake of March 10 was the outstanding shock

of the year. Two others of near destructive intensity were those of May 16,
in the San Francisco Bay region and October 2, near Los Angeles. The
western Nevada earthquake of June 25 was felt widely throughout the
State. The remaining activity was normal in type. 

Georgia: Slight shock of doubtful character on June 9. 
Idaho: One moderate shock in western part on April 20 and three in eastern part

ranging from slight to moderately strong on October 31, November 2, and
November 3.

Kansas: Moderate shock in northern part on February 20. 
Kentucky: Slight shock in northern part on May 28. 
Massachusetts: Slight shock January 17 in eastern part. 
Michigan: Weak shock on peninsula January 29. 
Missouri: Slight shocks in eastern part on March 11, July 13, August 3, and

November 16. 
Montana: Shocks from slight to moderately strong intensity in western portion

on February 10, May 4, June 5, June 10, August 19, November 19, and
December 20.

Nebraska: Tremors of doubtful character in northern part on August 8. Meteor? 
Nevada: The shock of June 25 in the western central part of the State was out 

standing. That of June 23, was widespread but of low intensity. 
New Jersey: Slight shock January 24.
New York: Slight shocks in northern part on May 20, June 26, and October 29. 
Ohio: Slight shock in western part on February 22. 
Oklahoma: Moderately strong shock felt in central part on August 19. 
Oregon: Slight shock in western part on November 23, and disturbance by

meteor in western part on January 17. 
South Carolina: Two slight and one moderate shock in southeastern part on

July 25, December 19 and December 23.
Utah: Slightly destructive shock in southwestern part on January 20. 
Virginia: Slight shock in eastern part on January 26 and central part on July 23. 
Washington: Weak to moderate shocks on January 2 and 29, March 18, April 29,

May 29, May 31, and August 22. All but three in Puget Sound area. 
Wisconsin: Slight shock in southern part on December 6. 
Alaska: The Kenai Peninsula area experienced sharp but nondestructive shocks

on January 3 and April 26, the latter being followed by a large number of
aftershocks. A large number of smaller shocks were reported. 

Hawaii: No earthquakes of importance except those of volcanic origin. Those
of December 2 were the strongest. 

Puerto Rico: Practically no activity.
Philippine Islands: No shocks of outstanding importance. 
Canal Zone: No shocks of outstanding importance.

NORTHEASTERN REGION

[75th meridian or eastern standard time]

January 17: 0:30. Fall River and New Bedford, Mass. Severe earth tremors 
lasting a few seconds were felt; no serious damage reported.

May 20: 14:57. Lawrenceville, N. Y. All awakened by northeast to south 
west motion lasting 30 seconds; accompanied by roaring sounds.

June 26: 9:10. Scarsdale, N. Y. Felt by many in Port Chester, White Plains, 
Mamaroneck, Rye, Purchase, Mount Vernon, and Ossining. Southwest to 
northeast bumping motion lasting 6 seconds, accompanied by thunderous 
sounds.

October 29: P. M. Johnsville, N. Y., IV. Felt over the western half of Fulton 
and Montgomery Counties. Windows rattled, objects on shelves were 
jarred, and one window was broken. A slight rumbling accompanied the 
tremor.

5
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EASTERN REGION
[75th meridian or eastern standard time]

January 34: Shortly before 21:00. Near Trenton, N. J., V. Sharp Jolt felt 
over central New Jersey from Lakehurst to Trenton. Although doubtful

as to whether or not it "was an earthquake, it was felt most strongly at 
Lakehurst, where people'reported that they were rolled out of bed. Other 
people reported pictures shaken from walls. Reported felt at Robbinsville,
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White Horse, Hightstown, Bordentown, Columbus, Burlington, Freehold, 
Englishtown, and New Egypt. Felt over 600 square miles.

January 26: 22:00. Near Petersburg, Va., III. Intermittent shocks lasting 
from 10 p. m. until 2 a. m., were strong enough to rattle doors and windows 
loudly and cause building to shake.

May 28: 10:10. Maysville, Ky., IV. A severe earth tremor apparently center 
ing in Mason County was felt over Mason, Fleming, and Bracken Counties, 
in Kentucky and at many points in Ohio. Logs were shaken in a log house 
and windows, dishes, and cooking utensils rattled over a wide area. A 
child was reported thrown from a swing at Ripley, Ohio.

June 9: 6:30. Eatonton, Ga. Several persons reported sounds resembling 
heavy explosions and one reported plaster being shaken down. Two dis 
tinct shocks. Seismic?

July 28: 10: .New Canton, Va., III. Many felt rapid southwest to northeast 
motion accompanied by loud rumble. No damage.

July 25: 21:34. Summerville, S. C., III. Rapid trembling motion traveling 
from west to east, felt by several.

December 19: 9:12. Summerville, S. C., IV. Bumping north to south motion 
felt by and frightened many and lasted about 1 second. Windows rattled 
and children ran from schoolhouse; no damage.

December 23: 4:40. Summerville, S. C. Many persons awakened and fright 
ened by two decided bumps, the first at 4:40 a. m. and the second about 
4:55 a. m. Windows rattled, dogs barked, no damage.

CENTRAL REGION
[90th meridian or central standard time]

January 29: 5:00. Newberry, Mich., II. Distinct vertical movement noticed 
by two persons.

February 20: 11:00. Norton, Kans., IV. Distinct shock felt by many over 
Norton and Decatur Counties in Kansas and the southern part of Furnas 
and Harlan Counties in Nebraska. Windows and dishes rattled, telephone 
bells jingled, and houses and buildings swayed. Some were frightened 
and ran from buildings. Many reported feeling the shock in Oronoque, 
and Norcatur, Kans.; and Beaver City, Hendley, Oxford, and Stamford, 
Nebr. No damage reported. Seismic origin of the disturbance doubted by 
some who advance the opinion of an exploding meteor.

February 22: 22:20. Sidney, Ohio, Illi An earthquake of moderate intensity 
was felt over four counties, Shelby, Logan, Darke, and Auglaize. Many 
persons in New Bremen, Anna, Quihcy, Versailles, Fort Laramie, and 
Bellefontaine reported the disturbance but as there was a severe electrical 
storm at the time most persons attributed it to the storm and not to a seis 
mic disturbance. It apparently was strongest at Sidney, Ohio, where win 
dows rattled and houses shook. The disturbance was accompanied by a 
low rumbling sound.

March 11: 6:48. Poplar Bluff, Mo., III. Two distinct earth tremors occurred 
at 6:48 and 7:04. Windows rattled and pictures shook.

July IS: 8:43. St. Marys, Mo., felt.
August 8: 22:35. St. Marys, Mo. "Preceded by sound like distant thunder 

and wound up as loud crash when building seemed to rise up and shake." 
No damage.

August 8: Time uncertain. Scottsbluff, Nebr. Vibrations which caused build 
ings to shake over a wide territory in western Nebraska and eastern Wyo 
ming believed to have been caused by a fallen meteor. Residents in the 
vicinity of Henry, Nebr., reported a great explosion. Seismic?

August 19: 13:30. El Reno, Okla., V. Severe earthquake felt by all and 
caused general alarm. Buildings trembled for 3 or 4 seconds, hanging 
objects swung, dishes and pictures were broken, chimneys, walls, and orna 
ments were cracked slightly, but damage to buildings was negligible. Minco 
and Union City, Okla., reported it felt less severely.

November 16: 3:29. St. Louis, Mo., local shock. Franklin, Jefferson, and St. 
Louis Counties, Mo.; and St. Clair and Monroe Counties, 111. Epicenter 
near Grover, Mo. Recorded instrumentally at St. Louis.

December 6: 23:55. Stoughton, Wis., III. A sharp shock felt by many over 
the southern half of Dane County. Windows rattled, houses shook, hun 
dreds ran to their basements to see if furnaces had exploded. Also felt at 
Rutland.

December 9: 2:40. Manila, Ark., V. Many awakened by two distinct earth 
shocks which broke windows in several homes.
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WESTERN MOUNTAIN REGION

[105th meridian or mountain time]

January 20: 6:05. Parowan, Utah, VI. Plaster cracked, slight damage to 
brick, masonry, and concrete. There was a distinct and longer tremor at 
6:07 or 6:08. Two distinct shocks felt slightly at Minersville, Utah.

February 10: 18:15. Rollins, Mont., IV. Two sharp shocks about 5 seconds 
apart, felt by many. Windows, doors, and dishes rattled, walls creaked. 
Several slight aftershocks followed throughout the night. Also felt slightly 
at Kalispell, Mont.

April 20: 13:25. Donnelly, Idaho, IV. Many frightened by rapid motion 
lasting 4 seconds. Windows, doors, and dishes rattled, walls creaked.

May 4-' 11:54. Helena, Mont., III. A slight vertical jolt, felt by many.
June 5: 4:15. West Yellowstone, Mont. Slight shock awakened few.
June 10: 22:59. Helena, Mont., IV. A sudden jar felt by and awakened some. 

Many alarmed, dishes rattled. Strongest earth tremor felt in Helena for 
several years. No damage.

August 19: 3:13. Logan, Mont., V. Felt by majority of population, alarmed 
few. Buildings swayed, loose objects were disturbed and plaster cracked 
slightly. Registered on the seismograph in Bozeman.

October 31: 8:55. Gray, Idaho, III. Felt by many, alarmed few. Loose 
objects disturbed, trees and buildings swayed slightly. Slight shocks also 
at 9:30 and 9:45.

November 2: 9:26. Gray, Idaho, V. Trembling motion accompanied by sub 
terranean sounds felt by all and frightened several. Trees and buildings 
swayed and one wall in the schoolhouse was reported cracked.

November 3: 3:00. Gray, Idaho, aftershock of quake on November 2.
November 27: Hillside, Ariz., III. Trembling motion accompanied by sub 

terranean sounds felt by 75 percent of population. Buildings swayed, 
rattled, and creaked. Also felt at Wikieup, Ariz.

November 29: 10:00. Virginia City, Ennis, and Laurin, Mont., IV. East to 
west bumping motion felt by many. Apparently strongest in Ennis where 
buildings shook, loose objects were disturbed, and pop bottles rattled in 
case. Accompanied by faint roar.

December 20: 17:33. Helena, Mont., III. Many felt east to west trembling 
motion. Believed to have been stronger 8 miles west of Helena.

During 1933. Durango, Colo. Because of the unusualness of the phenomena, 
mention is made here of Durango's "moving mountain." Beginning in 
December 1932, and lasting through most of 1933 the activities of this 
mountain were commented on frequently in the press and hundreds of 
people visited the region. Deep subterranean rumblings were heard and 
explosions caused millions of tons of dirt and rock to slide down the moun 
tain. It belched forth fire and gas and smoke at times which hung over 
the valley. The disturbances were reported to have been due to the burning 
of coal in the numerous coal veins which penetrate the mountain.

CALIFORNIA AND WESTERN NEVADA

[120th meridian or pacific standard time] 

AH places are in California unless otherwise stated

January 4: 22:10. Wabuska and Potts, Nev., IV. Sonora, Calif., III.
January 9: 6:10. Los Angeles, IV and V. Some plaster cracked. Moreno, IV. 

Also felt at Pasadena, Placenta, and Ramona.
January 12: 22:20. Mount Hermon, Olympia, San Francisco, Soquel, and 

Wrights (Santa Cruz Mountains), IV. Weaker at Aptos, Oakland, and 
Saratoga.

January 19: 16:24. Kern River No. 3 and Kernville, III.
January 20-27. Simon, Nev. Five earthquakes strong enough to shake houses 

and furnishings felt from January 20 to 27. Each preceded by a deep 
rumble.

January 21: 5:30. Calexico and El Centro, III.
January 21: 9:34. Kern River No. 3, III. Also felt at Ducor (Vestal sub 

station) .
January 21: 10:00. Calexico and El Centro, III.
January 26: 0:26. Gardena (La Fresa substation) and Lomita, III.
January 27: 22:38. Santa Cruz, felt.
January 30: About 9:00. Lompoc, rattled windows.
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February 2: 17:45. Laws, IV. Also felt at Benton, Bigpine, Bishop, Deep 
Springs, and Mocalno.

February 2: 19:23. Benton, Big Creek and Laws, IV. Also felt at Bass Lake, 
Bigpine, Bishop, Deep Springs, Florence Lake, Huntington Lake, Mocalno, 
Navelencia, Shaver Lake, Squaw Valley, and Visalia.

February 13: 14:15. Benton, Calif., IV. Ill and under at Austin, Nev., Mina, 
Nev., and Reno, Nev.

February 25: 22:25. Brown, IV. Ill and under at Onyx and Sand Canyon.
February 26: 1:30. Hollister, IV. Ill and under at Salinas and Spreckels.
March 4: 21:27. Humboldt Bay Fog Signal Station, IV.
March 9: 1:12. Huntington Beach, IV. Originated very near source of Long 

Beach earthquake (Pasadena).
March 9: 17:52. Sattley, II. Felt by two people.
March 10: 17:54*. The Long Beach Earthquake. Intensity VII-IX. Epi 

center 33°34'.5 north, 117°59' west, about 3.5 miles southwest of Newport 
Beach, according to Pasadena. 120 killed, hundreds injured. Damage 
estimated at $41,000,000. Land area affected 75,000 square miles. See map. 

The Long Beach earthquake was not of major magnitude from the seis- 
mological point of view but because of its location in a thickly settled region 
with many poorly constructed buildings, it ranks as one of the most destruc 
tive earthquakes" in the history of the United States. If damage by fire is 
excluded in the case of the California earthquake of 1906, the Long Beach 
shock may be considered the most destructive, because more than 90 per 
cent of the damage in the 1906 earthquake was through fire, whereas, at 
Long Beach the fire loss was almost negligible because of protective measures 
taken beforehand. The greatest damage occurred in the more thickly 
settled district from Long Beach to the industrial section just south of Los 
Angeles proper where water soaked alluvium and other unfavorable geologi 
cal conditions were predominant. The shock was of submarine origin. 
Slight slumps and distortion of made and unconsolidated ground occurred in 
the region from Compton to Long Beach but there was no visible evidence 
of faulting.

As the Coast and Geodetic Survey had no parties in the field to make 
intensive surveys of the affected area, the more detailed descriptions of the 
earthquake will be left to quotations from other authoritative sources. Be 
cause of their length they comprise a special section of this publication 
entitled "The Long Beach Earthquake." See page 25. For that mate 
rial the Coast and Geodetic Survey is especially indebted to the Seismological 
Laboratory of the Carnegie Institution of Washington at Pasadena, The 
National Board of Fire Underwriters, and the Los Angeles Weather Bureau 
office. The Bureau is also indebted to many other organizations and indi 
viduals for additional information, most of which has already appeared in 
mimeographed form under the title of Abstracts of Reports Received Regard 
ing the Earthquake Which Occurred in Southern California on March 10, 
1933. This was issued by the San Francisco Field Station of the Coast 
and Geodetic Survey and copies are still available.

Although the volunteer information service directed by the San Francisco 
Field Station was inadequate to satisfactorily cover the larger centers of 
population much valuable information concerning density distribution 
throughout the affected area was obtained. This is abstracted below ac 
cording to the intensities appraised in the Washington office, following the 
usual practice of publishing such material.

Further details must await reports on a number of investigations still 
under way. The Seismological Laboratory at Pasadena is making a thorough 
study of the scientific aspects including the interpretations of a vast amount 
of instrumental data; the California Institute of Technology, cooperating 
with the Coast and Geodetic Survey, is making a survey of the strongly 
affected areas to study the effects of the earthquake on various types of 
buildings. Further on in this publication will be found the preliminary 
results of the Coast and Geodetic Survey's strong motion seismograph obser 
vations which are to be revised and treated more thoroughly in "United 
States Earthquakes, 1934." In view of the studies mentioned and others 
now in progress which are not related directly to the work of the Bureau 
the reports on the Long Beach earthquake in this publication must not be 
accepted as final.

The following abstracts of reports on the main shock are taken from indi 
vidual reports and press clippings collected by the San Francisco Field 
Station of the Coast and Geodetic Survey.
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FIGURE 2. Areas affected by the California and Western Nevada shocks of March 10, May 16, June 22, 
23, 25, 25, October 2, December 13.
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INTENSITY VII-IX:
Compton. Practically every building within a 3 block radius was 

demolished or badly damaged. A number of automobiles were buried 
beneath the debris. See general description of earthquake for further 
details.

Long Beach. Intensity varied from VII to IX over the city. Walls caved 
in, buildings collapsed, tanks fell through roofs, houses displaced from foun 
dations. Pavements displaced and roads cracked, communication with city 
disrupted; oil derricks caught fire. Automobiles unmanageable during shock. 
See general description of earthquake for further details.

INTENSITY VIII:
Anaheim. Damage great to brick and masonry; several buildings con 

demned; many chimneys damaged; automobiles damaged by falling bricks.
Balboa Island Bridge. Shock preceded by noise like broadside from a 

battleship. Expansion joints of bridge separated like rifle shots. Tons of 
dirt from bluffs slid down on road.

Bellflower. Damage great in wood, brick, and masonry. Chimneys fell.
Bolsa Chica Gun Club. Crevices and cracks appeared in fields and high 

way. Pavement displaced.
Costa Mesa. Two brick business buildings completely wrecked, all others 

lost fronts. Few chimneys escaped having tops knocked off.
Cypress. Damage great in brick buildings. WaJs and chimneys tell.
Garden Grove. Brick waJs tumbled into streets from many buildings  

other buildings collapsed, water mains cracked. Electric service interrupted.
Huntington Beach 2% miles toward Newport. Extreme shock. Three- 

lane highway spread about 8 inches apart between each lane for about 150 
feet. Lane on northeast side settled 15 inches.

Huntington Beach. Most of the fronts of brick buildings in business 
section in the streets. A number of cement bridges and cement foundations 
under steel derricks were "squashed" several inches up out of ground. 
Radiators in post office thumped loudly on floor, clerk unable to stand. Five 
hundred-foot extension of steel and concrete pier separated from main section 
by 2-foot break.

Newport Beach. Small cracks in ground, and some small landslides. 
About 800 chimneys broken at roof line; 30 buildings partially damaged or 
destroyed; few leaks in water mains and relatively little plaster fell.

Santa Ana. Martial law. Not one brick building in business section 
escaped partial damage. Public buildings badly damaged. Streets filled 
with debris. People spent night in automobiles.

Near Santa Ana Bridge. Highway, before arriving at bridge from Santa 
Ana, buckled in two places and for 1,000 feet had dropped about 4 inches.

Seal Beach. Damage great in brick and concrete. Walls, chimneys, and 
plaster fell. Furniture broken. Section of pier collapsed. Several injured.

Signal Hill. Derricks twisted, a number burned. Tanks and buildings 
collapsed. Oil line broken.

South Gate. Store fronts collapsed in business district. Elevated tank and 
steel tower collapsed.

Watts. Stores seriously damaged, water mains broken. Casualties from 
falling bricks.

Willowbrook. Damage great in brick and masonry; furniture broken; 
ground cracked. Chimneys and columns fell.

INTENSITY VII:
Anacapa Island. Coast Survey party approaching shore off south side 

saw two landslides, about a quarter mile apart, occur simultaneously. Sev 
eral hundred tons in larger slides. Not felt in launch which was under way.

Artesia. Casualties caused by building collapse and falling debris.
Bell. Cracked plaster, windows, walls, and chimneys. Spilled liquids, 

indoors and outdoors. Considerable damage to buildings.
Buena Park. Cracks in brick buildings, schools badly hit; goods fell from 

shelves, windows broken, coping fell.
Corona del Mar. Damage considerable in brick, masonry, concrete. Win 

dows and furniture broken. Chimneys fell.
Dominguez. Oil refinery badly damaged. Dishes broken. Damage other 

wise slight.
Downey. Plaster cracked, windows and dishes broken. Chimneys fell.
Fullerton. Three brick buildings seriously damaged. Chimneys, plaster, 

and dishes fell. Structural steel building undamaged.
Graham. Front of bank building reported fallen.
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Hermosa Beach. Walls of some large buildings badly damaged. Globes 
knocked off street lamps.

Huntington Park, central section. Severe damage to business buildings 
and to poorly constructed brick buildings. Chimneys down. High school 
destroyed by fire.

Laguna Beach. Windows broken, glassware knocked off shelves, some 
heavy furniture moved 2 inches. Some top walls fell. Leaks in water and 
gas mains. City without lights 1 hour.

Lomita. School chimneys fell; considerable damage. Merchandise shaken 
from shelves. Books, pictures, and plaster fell; windows and dishes broken.

Los Angeles County, central section. Many tons of rocks loosened and rolled 
into canyons. Violent swaying of trees. Liquids in dishes splashed east.

Los Angeles, eastern section. Cornices, tops of chimneys, dishes, and 
plaster fell. Gas mains damaged.

Los Angeles, southern section. Damage heavy.
Los Angeles, west-central section. Many buildings slightly damaged; some, 

poorly constructed, destroyed. North to south walls cracked; some plaster 
thrown down.

Lynwood. Houses thrown from foundations, theater collapsed, bank 
building damaged; gas, light, and water facilities cut off.

Manhattan Beach. Plate-glass windows broken, walls cracked, some chim 
neys down.

Newport. Top walls of six brick buildings fell. Few chimneys escaped. 
Damage not severe. Hundreds of people left town because of unfounded 
rumors of tidal wave.

Norwalk. Considerable damage to brick and masonry. Chimneys fell, 
heavy furniture moved, stock fell from shelves. Communication service 
disrupted. One killed, several injured.

Redondo Beach. Fire walls jarred loose, fronts of stores damaged, objects 
broken in stores, two schools damaged.

San Pedro. Damage confined to brick walls above roofs. Plaster and 
pictures fell. Numerous leaks in gas lines. Water mains and telephone 
lines broken, service lines to ship terminals broken.

Somin (near). Chimney thrown from ranch house.
Torrance. One-hundred-thousand gallon tank cracked open; 80,000- 

gallon tank damaged. Buildings damaged, chimneys fell.
Venice. High school damaged. Chimneys fell, plaster cracked, dishes 

broken.
INTENSITY VI:
Alhambra. Plaster, pictures, knick-knacks fell, windows and dishes 

broken, water spilled, some chimneys cracked.
Beverly Hills. Marked damage to chimneys, fire walls, tile partitions on 

a northwest line, Bedford Drive, Olympic Boulevard to Santa Monica 
Boulevard. Slight damage. Store windows and dishes broken, merchandise 
upset, trees and bushes shaken strongly.

Covina. Plaster cracked, water spilled, small objects overturned.
Culver City. Slight cracks in several buildings. Chimneys and fireplaces 

damaged, street lights broken. Chimney and fireplace in two houses shifted 
several inches.

Fillmore. Two big mountain slides. Damage slight, cracked plaster and 
broke dishes.

Gardena. Stores damaged.
Glendale. Large plate-glass window and electric-light domes broken.
Harbor City. Chimneys fell, windows broken.
Huntington Park. Damage slight. Knick-knacks and books fell. (See 

Huntington Park, central section under VII.)
Laguna Bell Substation. Damage slight. Cracked plaster and walls, over 

turned small objects. Spilled liquids from tanks.
Lake Arrowhead. Moved small objects and cracked plaster.
La Verne. Damage slight. Plaster cracked; pictures and books fell. 

Furnishings moved.
Lighthipe Substation. Cracked plaster, windows, walls, and chimneys. 

Considerable damage to electrical equipment.
Los Angeles, central section. Many windows broken. Many east-to-west 

walls cracked. Slight damage to chimneys.
Los Angeles, northwest section. Damage slight. Plaster cracked in north- 

to-south walls.
Los Angeles, west section. Bricks from chimneys fell toward the north. 

Many became dizzy, a few nauseated.
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Montebello. City hall damaged.
Oxnard. Hanging objects swung northeast. Books and pictures fell, 

telephone lines broken; damage slight.
Palos Verdes Estates. Buildings cracked, no injuries.
Pasadena, Lamanda Park. A few articles fell from shelves. Some walls 

crack d. Crockery bro en. Little damage reported.
Placcntia. No serious damage to buildings; chimneys, plaster, pictures, 

and books fell.
Pomona. A few chimneys cracked. Some plaster fell.
Orange. Chimneys fell, plaster cracked, clocks stopped.
Santa Monica. North-to-south motion. Mo ~ed small objects and over 

turned small vases. Windows broken, chimneys shaken and bricks dislodged 
High school and city hall damaged slightly.

Saugus, Southern California Edison Co. Substation. North-to-south mo 
tion. Large transformers moved. Plaster cracked.

Simi. Knickknacks fell and vases overturned. Chimneys cracked.
Summit Plaster, chimneys and ground crac ed. Slight damage to 

masonry and concrete.
Tustin  Building reported damaged.
Ventura  Some plaster, windows, walls, and chimneys cracked. Dishes 

broken. Overturned vases, spilled water. A few brick walls damaged 
slightly.

Whittier. Plate glass windows shattered. Brick cornices thrown down.
INTENSITY V:
Arcadia. Cracked plaster. Damage slight. Spilled water indoors.
Avalon. Slight plaster cracks in two buildings. Trees and bushes shaken 

strongly. Fall of knickknacks in one instance.
Azusa. Slight damage.
Bloomington. Small objects moved, spilled water, cracked plaster. 

Damage slight.
Eagle Rock. Some plaster cracked.
El Segundo. Damage slight.
El Toro. Damage slight. Plaster cracked; vases overturned.
Escondido. Very slight damage. One chimney cracked and some plaster 

fell, stock thrown on floors in stores.
Fullerton, Stewart Station. Broke dishes and windows.
La Crescenta. Cracked windows; plaster, pictures and books fell.
Los Angeles Harbor. Lighthouse tower swayed east to west. Consider*- 

able mercury shaken out of lens base.
May wood. Windows broken.
Monrovia. Dishes broken, bottles knocked from shelves.
More.no. Overturned small objects. Suspended objects swung, water 

spilled.
North Hollytvood. Moved car several inches; trees and bushes shaken 

strongly. No damage.
Ontario. Chimneys and plaster cracked, clocks stopped.
Riverside. Damage slight.
San Fernando.-^Small objects overturned.
San Juan Capistrano and San Clemenie region. Some buildings suffered 

slight damage.
San Pedro, half-way between San Pedro and Redondo. Plaster cracked.
Santa Paula. China and glassware in store window broken.
Sierra Madre. Plaster cracked in some buildings. Electric light poles 

swayed through 18 inches.
South Pasadena. Small objects overturned, water spilled; damage slight.
Topanga. Store goods fell from shelves. Rock fell into road.
Westminster. Stock in stores thrown to floor.
Woodcrest. Small objects moved and overturned.
INTENSITY IV:
Acton, Altadena, Atwood, Bakersfield, Banning, Beaumont, Brea, Brown, 

Burbank, Cajon, Camarillo, Cardiff-by-the-sea, Carlsbad, Carriso Gorge, 
Charter Oak, Chatsworth, Chino, Claremont, Colton, Corona, Devore, 
Eagle Rock Substation, El Mirage, El Modena, Elsinore, Etiwanda, Fall- 
brook, Fellows, Fontana, Guasti, Helendale, Highgrove, Irwindale, Jamul, 
Keen Kamp, Kernville, La Canada, La Crescenta, La Mesa, Lancaster, La 
Vina, Llano, Los Alamitos, Maricopa, McKittrick, Mecca, Mentone, Mojave, 
Monolith, Monterey Park, Montrose, Nestor, Oceanside, Oildale, Palmdale, 
Pasadena, Pine Knot, Pirn, Point Loma Light Station, Point Vicente Light 
Station, Ramona, Riverside, Rosamond, San Bernardino, San Dimas, San
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Gabriel, San Marcos, San Nicholas Island, Santa Ana. River S. C. E. Station 
No. 1, Santa Barbara, Solana Beach, Stanton, Sunnymead, Triunfo, Trona, 
Tujunga, Upland, Victorville, and Yucaipa. 

INTENSITY III AND UNDER:
Aberdeen, near Adelaida, Arroyo Grande, Atascadero, Atolia, Avila, Bass 

Lake, Big Creek, Blythe, Bradley, Brawley, Buttonwillow, Calexico, Caliente, 
Campo, Casmalia, Catalina Island, Cedarpines Park, Delano, Dos Cabezas, 
El Centre, Exeter, Fairmont to Little Lake, Fresno, Garnet, Glennville, 
Halcyon, Hanford, Hayfield Camp, Hipass, Hollister, Inyokern, Jacumba, 
La Habra, Lemoore, Lindsey, Little Lake, Lone Pine, Ludlow, McFarland, 
Muroc, Needles, Newberry, Newhall, Paso Roblcs, Pine Canyon Dam, 
Pixley, Point Conception, Point Fermin Light Station, Point Hueneme 
Light Station, Porterville, Prado, Redlands, San Fernando, San Diego, San 
Miguel Island, San Luis Obispo, Santa Maria, Santa Fe Springs, Santa Rosa 
Island, Sequoia National Park, Seven Oaks, Springville, Tip ton, Tulare, 
Visalia, Warner Springs, Wheeler Ridge, Woodlake; Las Vegas, Nev.; 
Prescott, Ariz.

Aftershocks followed the main shock at intervals so short that it seems 
impossible to correctly separate the large number of noninstrumental report 
cards received. More than 500 reports are available covering about 100 
aftershocks. As the aftershocks often occurred only a few minutes apart 
and the times reported on the cards are sometimes uncertain by that amount, 
it seems that tabulation of these reports might be made to better advantage 
after the study of instrumental results at the Seismological Laboratory at 
Pasadena is completed. For this reason they are not published here.

There was apparently no shock of major importance following the main 
shock. This accords with the conclusion drawn by Mr. Wood from the 
amplitudes registered on the Pasadena seismographs. A list of 80 of the 
stronger aftershocks recorded is published in Mr. Wood's article from which 
quotations are made in this report. The noninstrumental reports indicate 
that two shocks were felt previous to the first one on Mr. Wood's list. It 
seems quite probable that they were masked on the seismograms by the 
prolongation of the main shock.

March 12: 14:00. Reese River, IV.
March 13: 5:19. Colton and San Dimas, IV. Also felt at Guasti and La Cres- 

centa.
March 15: 3:13. San Dimas, IV. Duration 45 seconds.
March 24'- 17:32. San Diego, barely perceptible.
March 27: 2:45. Candelaria, Nev., and Redding, Calif., IV. Also felt at Auberry, 

Laws, Oakhurst, and Mocalno.
March 27: 5:01 and 5:06. Benton, Big Creek, Oakhurst, and Paynes' Creek, IV. 

At Big Creek the first shock caused many residents to leave their beds. 
Also felt at Auberry, Laws, Manton, and Mocalno.

March 30: 4:20. Lennox, moved small objects. Felt at Long Beach and Los 
Angeles.

March 31: 3:00. Los Angeles, sharp.
April 2: 1:00. Seal Beach, V. Chimneys cracked. Newport Beach, IV. Los 

Angeles felt three minor shocks.
April 6: 4:00. Long Beach, V. Books and pictures fell; pendulum clock facing 

east stopped.
April 6: 8:12. Caribou, felt. Also felt at Caribou Power House Camp.
April 6: 22:30. Newport Beach, IV. At 22:26 Huntington Beach felt a weak 

shock.
April 12: 2:03. Porterville and Visalia, IV. Felt at Delano, Ducor, and Tip- 

ton.
April 15: 4:20. Alameda, Oakland, and Piedmont, III. Also felt at Berkeley, 

East Oakland, and San Francisco.
April 15: 7:55. Newport Beach, IV.
April 19: 6:20. Huntington Park, V. Slight damage. Willowbrook, IV.
April 29: 7:00. Hynes, IV. Felt at Los Angeles.
April 30: 1:55. Hynes, IV.
May 4-' 19:00 to 20:00. Hynes and Long Beach. A serious landslide occurred 

at San Clemente at 19:15 which may have been precipitated by an earth 
quake.

May 5: 5:00. Hynes and Long Beach, felt.
May 8: 2:34. Kern River No. 3, IV. Earthquake in Mexico at 2:34 possibly 

acted as trigger force.
May 9: 13:00. Silver Peak and Tonopah districts, Nev., light.
May 9: 13:05. Hynes, Los Angeles and San Dimas, light.



UNITED STATES EARTHQUAKES, 1933 15

May 16: 3:47*. San Francisco Bay region, V. Southern Alameda County, ac 
cording to provisional statement by University of California. Felt over 
8,000 square miles. See map.

INTENSITY V:
Hayward. Clocks stopped, chimneys moved.
Martinez. Terrazzo floor of Hall of Records cracked.
Niles Canyon. Landslide, plaster cracked, windows broken, goods thrown 

from shelves.
Oakland. Fire extinguishers thrown from walls of Ford plant.
Oakland Harbor Light Station. Water spilled east to west.
Pleasanton. Windows cracked, merchandise fell from shelves.
San Francisco. Practically everyone awakened, telephone operators left 

switchboards, a few cases of broken windows and cracked plaster reported. 
Intensity low in grade V.

Santa Cruz. Knickknacks moved, small objects fell.
INTENSITY IV:
Ano Nuevo Island Lighthouse, Antioch, Centerville, Fort Barry, Fort 

Point Light Station, Inverness, Livermore, San Jose, San Mateo, San Rafael, 
Santa Clara, Santa Rosa, Saratoga, Soquel, Stanford University, Stockton, 
Tracy, Vallejo, Watsonville, Wrights, and Yerba Buena Light Station.

INTENSITY III AND UNDER:
East Brother Island Lighthouse, Merced, Modesto, Mount Hamilton, 

Sacramento, San Pedro, Spreckles, and Wallace.
Reported "severe" at Alameda, Berkeley, Gilroy, Petaluma, and Rich 

mond.
NOT FELT AT THE FOLLOWING PLACES:
Arbuckle, Auberry, Blocksburg, Corning, Cpvels, Elk Creek, Forest Glen, 

Fort Brag, Garberville, Jamesburg, Laytonville, Madera, Mariposa, Men- 
docino, Orland, Paskenta, Point Arena, Red Bluff, Robbins, Rockport, 
Roseville, Ruth, San Benito, Scotia, Snelling, Soledad, Waterford, Weaver- 
ville, Weott, Williams, Willits, Willows, and Woodland.

May 16: About 13:00. Compton, Downey, Huntington Park, and Maywood, 
V. Also felt at Long Beach and vicinity and at Los Angeles.

May 18: 1:15. San Bernardino, felt.
May 19: 8:27. Calexico and Imperial, IV.
May 24: 20:05. Fortuna, Holmes Flat, Pepperwood, Scotia, and Whitlow, felt.
June 3: 18:43. Redwood City and San Francisco, IV. Also felt at Mount 

Hamilton and San Jose.
June 4: 6:10. Luning, Nev., V. Also felt at Hawthorne, Nev., Pilot Moun 

tain, Nev., and at Benton, Calif.
June 7: 6:00. Smoky Valley, Nev., IV.
June 10: 0:30. Round Mountain, Nev., IV. Felt at Smoky Valley, Nev.
June 10: 22:28 Compton and Huntington Park, IV. Also felt at Hynes.
June 11: 11:25. Compton, IV. Also felt at Huntington Park and Hynes.
June 11: 11:40. Compton, IV. Felt at Hynes.
June 12: 7:00. Mineral, IV.
June 14: 6:58. Brawley, slight.
June 22: 4:36 and 4:41. See map.

INTENSITY IV AT THE FOLLOWING PLACES:
Benton, Big Creek, Fresno, Huntington Lake, Kingsburg, Laws, Parlier, 

Sanger, Sequoia National Park, Tollhouse, Tulare, and Visalia. 
INTENSITY III AND UNDER:
Bishop, Corcoran, Crooked Creek, Friant, Lindsay, Monson, Navclencia, 

Planada, Porterville, Squaw Valley, Tipton, and Wood Lake.
NOT FELT AT THE FOLLOWING PLACES:
Delano, Ducor, Exeter, and Independence., 

June 23: About 6:00. Twenty miles south of Mammoth Lakes, IV. Rock
slides were caused by an earthquake.

June 23: 11:55. A low intensity but widespread shock centering at or neai the 
epicenter of the heavier shock of June 25. Intensity IV. Affected area 
approximately 30,000 square miles. See map.

INTENSITY IV:
Camino, Courtland, Fallen Leaf, Portola, and Quincy, Calif.; Candelaria, 

Gold Hill, lone, Nixon, Reno, and Roderick, Nev.
INTENSITY III AND UNDER:
Alamo, Bagby, Benicia, Challenge, Diablo, Markleeville, Northfork, 

Ripon, Santa Rosa, and Wawona, Calif.; Broken Hills, Golconda, Haw 
thorne, Nyala, Schurz, Simon, Sparks, Tonopah, and Virginia City, Nev.
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NOT FELT AT THE FOLLOWING PLACES IN CALIFORNIA:
Adams, Aetna, Ahwahnee, Alameda, Albion, Alder Springs, Altaville, 

Alturas, Antelope, Aptos, Arbuckle, Auberry, Auburn, Bayles, Beckwourth, 
Bieber, Big Pine, Big Sur, Biola, Bloomfield, Boulder Creek, Bowman, 
Bridgeport, Broderick, Calexico, Calhey, Calistoga, Calpella, Campo Seco, 
Carmel, Cassel, Chowchilla, Clearlake, Coalinga, Columbia, Colusa, Con- 
tolesse, Cordelia, Corte Madera, Cressey, Cupertino, Davis Creek, Diamond 
Spring, Dos Rios, Downieville, East Nicolaus, Eldridge, Elk Creek, El 
Nido, Elverta, Folsom City, Fort Bragg, Freestone, French Camp, French 
Gulch, Friant, Glenn, Gonzales, Grass Valley, Greenwood, Gridley, Gustine, 
Hazel Creek, Hilton, Hood, Idria, Independence, lone, Jackson, Johnston- 
ville, Keddy, Kelseyville, Kennett, Kirkwood, Knights Landing, Laton, 
Lincoln, Litchfield, Livermore, Livingston, Los Banos, Marina, Meeks Bay, 
Mendota, Millville, Minarets, Mitchell Mill, Mocalno, Monterey, Napa, 
Nevada City, Niles, Oilfields, Old Station, Orland, Owenyo, Palo Cedro, 
Paskenta, Perkins, Petaluma, Placerville, Pleasant Grove, Point Arena, 
Point Reyes, Port Chicago, Prather, Princeton, Rackerby, Raymond, Red 
Bluff, Redding, Riverdale, Salinas, San Martin, Sattley, Selma, Sloat, Smart- 
ville, Soquel, Spreckels, St. Helena, Sunol, Sutter, Tahoe, Taylorsville, 
Topaz, Truckee, Vacaville, Vallicita, Walnut Creek, Westhaven, Westwood, 
Williams, Willow Ranch, Willows, Woodland, Woodleaf, Ydalpom, Yolo, 
and Yosemite National Park.

NOT FELT AT THE FOLLOWING PLACES IN NEVADA:
Alamo, Arden, Austin, Baker, Battle Mountain, Beatty, Beowawe, Bul 

lion, Dixie Valley, Elko, Ely, Gardnerville, Gerlach, Goldfield, Hiko, Las 
Vegas, Lima, Lower Rochester, Metropolis, Orovada, Overton, Pioche, Potts, 
Rawhide, Shafter, Sharp, Steptoe, Stewart, Stillwater, Tuscarora, Tybo, 
Valmy, Verdi, Winnemucca, and Yerington. 

June 25: 0:05. Zephyr Cove, Nev., IV.
June 25: 12:45*. Western Nevada, near Wabuska and Yerington. Intensity 

VII. 39°05' N., 119°20' W. Felt over approximately 40,000 square miles 
and well recorded on European seismographs. See map.

INTENSITY VII AT THE FOLLOWING PLACES IN NEVADA:
Virginia City. Catholic church badly damaged, a number of chimneys 

down, many windows broken, some walls cracked.
Wabuska. Upper range of VII. All brick chimneys down, dishes broken 

in large quantity and merchandise thrown from shelves.
Yerington. Courthouse wall separated 2 inches from rest of building; 1 

concrete building thrown askew, 1 chimney down, canned goods thrown from 
shelves, some cracks in ground from which water shot for a time.

INTENSITY VI AT THE FOLLOWING PLACES IN NEVADA:
Carson City. Severe cracks in Federal building, 2 old chimneys down, 

plaster fell in 1 or 2 cases.
Dayton. Plaster fell, chimneys cracked.
Fallon. Some cracks in walls and plaster.
Fort Churchill. Some bricks dislodged from old buildings.
Lahontan. Landslides in hills south of dam, front shaken out of stone 

building on near-by ranch.
Manhattan. Post office badly cracked.
Mason. Plaster cracked, vases overturned.
Minden. Plaster cracked, small objects overturned.
Schurz. Cliff slid into road about 18 miles west of town.
Stewart. Plaster and windows cracked, dishes broken, vases overturned.
INTENSITY VI AT THE FOLLOWING PLACES IN CALIFORNIA:
Lodi. Some plaster cracked, merchandise thrown from store shelves, auto 

mobiles moved.
Markleeville. Cracked plaster, threw down small objects and books, 

overturned vases.
Tahoe City. Plaster cracked in some walls, glassware broken.
INTENSITY V AT THE FOLLOWING PLACES IN NEVADA:
Gold Hill, Hawthorne, Hazen, Rawhide, Reno, Roderick, and Verdi.
INTENSITY V AT THE FOLLOWING PLACES IN CALIFORNIA:
Grass Valley, Lockeford, Log Cabin, Mount Gregory, Nevada City, Omo 

Ranch, Santa Rosa, Varner, and Volcanoville.
INTENSITY IV AT THE FOLLOWING PLACES IN NEVADA:
Austin, Broken Hills, Dixie Valley, Eureka, Flanigan, Gardnerville, Ger 

lach, Imlay, lone, Lodivale, Lovelock, Luning, Mina, Nixon, Oreana, 
Phonolite, Pyramid, Round Mountain, Smoky Valley, Sparks, Stillwater, 
Thorne, Wellington, and Wichman.
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INTENSITY IV AT THE FOLLOWING PLACES IN CALIFORNIA: 
Acampo, Ahwahnee, Amador City, Auburn, Beckwourth, Bethany, 

Bridgeport, Broderick, Brooks, Brown's Valley, Byron, Camptonville, 
Carquinez Strait Lighthouse, Chico, Coleville, Colgate, Columbia, Colusa, 
Courtland, Diamond Springs, Douglasflat, Douglas Resort, Dunnigan, East 
Nicolaus, El Capitan, Eldridge, Emerald Bay, Esparto, Fairfield, Fair Oaks, 
Fiddletown, Firebaugh, Forest, Freeport, French Camp, Fresno, Gait, 
Georgetown, Graniteville, Gridley, Herald, Hobart Mills, Homewopd, Hood, 
lone, Jackson, Janesville, Knights Landing, Kyburz, Lake Alpine, Lake 
Tahoe, Legrand, Lincoln, Liveoak, Livingston, Long Barn, Martell, Marys- 
ville, Meeks Bay, Merced, Meridian, Milton, Modesto, Moores Flat, New 
castle, North Bloomfield, North Sacramento, Oakdale, Paradise, Perkins, 
Petaluma, Placerville, Planada, Pleasant Grove, Portola, Princeton, Rio 
Vista, Ripon, Robbins, Roseville, Ryde, Sacramento, Sattley, Sierraville, 
Smithflat, Stockton, Storrie, Summit Soda Springs, Sutter, Tahoe Pines, 
Taylorsville, Topaz, Tracy, Truckee, Vacaville, Valley Springs, Vallicita, 
Verona, Wallace, Weimar, Wheatland, Williams, Willows, Winters Island, 
Woodland, Wolf, Yola, Yosemite National Park, and Yuba City.

INTENSITY III AND UNDER AT THE FOLLOWING PLACES IN NEVADA: 
Battle Mountain, Big Meadows, Candelaria, Eastgate, Elko, Golconda, 

Lahontan, Lake Rochester, Mill City, Simon, Tonopah, Unionville, and 
Winnemucca.

INTENSITY III AND UNDER AT THE FOLLOWING PLACES IN CALIFORNIA: 
Antelope, Antioch, Arbuckle, Bagby, Bakersfield, Benicia, Big Creek, Big 

Oak Flat, Bowman, Campo, Challenge, Clarksville, Clipper Mills, Cordelia, 
Diablo, Downieville, Fallen Leaf, Folsom City, Fresno, Gerber, Glenn, 
Graeagle, Gustine, Jamestown, Johnstonville, Laton, Livermore, Los Banos, 
Madera, Manteca, Mendota, Mitchell Mill, Navelencia, Niles, Oakland, 
Orland, Oroville, Port Chicago, Quincy, Red Bluff, Riverdale, Roseville, 
San Andreas, San Francisco, Sanger, San Jose, San Migeul, Sloat, Smartville, 
Soda Springs, Sonora, Susanville, Virgilia, Vorden, Waterford, Wawona, 
and Woodleaf.

The earthquake was also felt with intensity not reported at the following 
places: Altaville, Bakersfield, Elverta, Gerber, and Greenwood, Calif.

NOT FELT AT THE FOLLOWING PLACES IN NEVADA:
Alamo, Baker, Beatty, Beowawe, Bullion, Carlin, Currant, Ely, Goldfield, 

Hiko, Las Vegas, Lind, Metropolis, Mount Montgomery, Orovada, Overton, 
Potts, Preston, Shafter, Steptoe, Sulphur, Tubo, and Valmy.

NOT FELT AT THE FOLLOWING PLACES IN CALIFORNIA:
Adams, Aetna Springs, Alamo, Albion, Anderson, Aptos, Auberry, Bayles, 

Bieber, Big Pine, Big Sur, Bloomfield, Boulder Creek, Calistoga, Calpella, 
Camp Rodgers, Carmel, Cassel, Cathay, Chowchilla, Coutolenco, Cressey, 
Cupertino, Dana, Davis Creek, Ducor, Elk Creek, El Nido, Fort Bragg, 
Freestone, Friant, Fulton, Gonzales, Hazel Creek, Hilton, Idria, Independence 
Keddie, Kelseyville, Kennett, Kerman, Kirkwood, Lawrence, , Litchfield, 
Lookout, Los Molinos, Marina, Mocalno, Monterey, Mount Hermon, Napa, 
Oilfields, Old Station, Palo Cedro, Paskenta, Point Arena, Point Reyes, 
Prather, Rockerby, Ravendale, Raymond, Redding, St. Helena, Salinas, San 
Martin, San Rafael, Sequel, Spreckels, Sunol, Trigo, Upper Lake, Walnut 
Creek, Westhaven, Westwood, Willow Ranch, and Ydalpom. 

June 25: 13:30. Beckwourth, IV. Also felt at Merrimac and Southampton
. Shoals Light Station.

June 25: 22:26 and 22:29. Off Point Conception, V. Two separate shocks occur 
red centering at sea a short distance off Point Conception. The second shock 
was the stronger and attained a maximum intensity of V on land. It was 
felt over a land area of about 4,000 square miles and was recorded on nearby 
seismographs. See map. Shocks were reported as early as 22:21 and as late 
as 22:35.

INTENSITY V:
Buellton and Point Conception Light Station.
INTENSITY IV:
Casmalia, Halcyon, Hueneme Light Station, Lompoc, Los Alamos, Santa 

Barbara, Santa Maria, Santa Paula, Santa Ynez, Solvang, Surf, and Ventura.
INTENSITY III AND UNDER:
Arroyo Grande, Bakersfield, Fillmore, and Goleta.

July 4-' ( )  Lassen Volcanic National Park. Eight earth shocks severely shook 
buildings in the eastern section. The Lassen Volcanic Observatory has 
recorded 17 earthquakes since July 1.
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July 5: 22:25. Long Beach and Norwalk, IV. 
July 16: 16:32. North shore of Monterey Bay, V. 

INTENSITY IV:
Aptos, Gilroy, Olympia, Santa Cruz, and Watsonville. 
INTENSITY III AND UNDER:
Morgan Hill, Pacific Grove, Salinas, San Francisco, Sequel, and Spreckels. 

July 16: 20:30. South Gate, IV. Huntington Park, III. 
July 18: 1:10. Newark, IV. Niles, Redwood City, and San Francisco, III. 
July 20: 18:55. Luning, Nev., IV. Slight at Mina, Nev., at 19:07. 
Augusts: 20:18. Long Beach and Seal Beach, IV. Also felt at Anaheim,

Huntington Beach, and Santa Ana. 
August 4- 0:50. Seal Beach, IV. Felt at Anaheim and Huntington Beach a few

minutes earlier.
AugustS: 15:34. Santa Ysabel, IV. Also felt at Mecca and San Diego. 
August 5: 19:30. Camp Angelus, Mecca, San Diego, and Santa Ysabel, IV. 
August 10: 15:41. Newark, IV. Felt at Corte Madera, Niles, Oakland, San

Francisco, and San Rafael.
August 12: 8:48. Long Beach and Seal Beach, IV. 
August 27: 5:35. Anaheim and Huntington Beach, light shock. 
August 28: 14:05. Luning, Nev., IV. 
August 28: 20:16. Seal Beach, V. 

INTENSITY IV:
Downey, Huntington Beach, and Hynes.
Reported felt at approximately the same time at Long Beach and Norwalk. 

August 30: 6:30. Schurz, Nev., IV. 
September 24'- 16:45. Newport Beach, two hard shocks. Felt also at Huntington

Beach and Santa Ana.
September 26: 22:06. Huntington Park and Hynes, IV.
September 28: 3:55*. Benbow, Briceland, Cape Mendocino Light Station, Etters- 

burg, Scotia, Shively, and Upper Mattole, IV. Felt at Eureka and Humboldt 
Bay Fog Signal Station.

October 2: 1:10*. Near Los Angeles, VI. Epicenter according to Pasadena 33° 
47', north, 118°08' west. See map. This is close to Signal Hill and about 
3 mil'-'s northeast of Long Beach. It was felt over a land area of approxi 
mately 6,000 square miles. The shock was quite sharp but damage was 
rather superficial. It was recorded on eight strong motion seismographs, 
the results appearing in another part of this publication. 

INTENSITY VI:
Bell. Dishes, windows and knickknacks broken, some bricks fell. 
Huntington Park. Many windows broken and a brick building damaged. 
Los Angeles. Intensity varied between IV and VI but it was greatest in 

the business section; plaster was cracked in some walls, dishes and windows 
broken, books, pictures and knickknacks thrown down. Some street lamps 
were badly damaged. 

INTENSITY V:
Anaheim, Bloomington, Chatsworth, Glendale, Hollywood, Huntington 

Beach, Hynes, Long Beach, Los Angeles, Moreno, Placentia, Pomona, 
Redondo Beach, and San Pedro. 

INTENSITY IV:
Acton, Beverly Hills, Carpinteria, Colton, El Modeno, Etiwanda, Irwin- 

dale, La Canada, La Crescenta, La Verne, Lomita, Norco, North Hollywood, 
Oxnard, Point Vicente Light Station, Pasadena, Reseda, Rosamond, San 
Dimas, San Fernando, San Gabriel, Santa Ana, Santa Barbara, Santa 
Monica, Saugus, Summit, Tujunga, Upland, Venice, Ventura, and Yorba 
Linda.

INTENSITY III AND UNDER:
Baldwin Park, Claremont, Chino, Llano, Mentone, San Bernardino, San 

Diego, and Victorville.
XOT FELT AT THE FOLLOWING PLACES:
Carmel, Ducor, and Piedras Blancas Light Station. 

October 2: 1:21. Hynes, Long Beach, and Pasadena, felt. 
October 2: 2:33. Hynes and Los Angeles, felt. 
October 2: 4:00. Hynes, Long Beach and Los Angeles, light. 
October 2: 5:26. Huntington Beach, Hynes, Long Beach, Los Angeles, Pasadena,

and San Gabriel, mild. 
October 2: 5:54. Imperial Valley, felt. 
October 2: 7:41. Hynes, Long Beach and Los Angeles. Earthquake in Ecuador

at 7:29 probably acted as trigger force.
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October 2: 8:54. Imperial Valley, slight tremor.
October 2: 18:45. Brawley, felt.
October 5: 2:50. Riverside, San Bernardino and Victorville, IV. Felt at La

Verne, Mentone, and Seven Oaks. A shock was felt at Acton sometime in
the early morning.

October 5: 12:35. Huntington Park, Hynes, Long Beach, and Los Angeles, felt. 
October 5: 20:52. Almanor Dam, near Caribou, IV. 
October 19: 10:36. Balboa, IV. Two distinct tremors at Santa Ana. 
October 24: 23:01. Huntington Park, VI. Felt over land area of 2,300 square

miles. At Huntington Park there was slight damage in brick, some chimneys
feU and a few windows were broken; small objects were moved and vases
overturned. 

INTENSITY V:
Altadena, Bell, Burbank, Glendale, and Sierra Madre. 
INTENSITY IV: 
Acton, Beverly Hills, Hollywood, La Canada, Los Angeles, Montebello,

North Hollywood, Pasadena, Placentia, and San Fernando. 
INTENSITY III AND UNDER: 
Santa Ana and South Pasadena. 

October 27: 3:00*. lone, Ney., V. Austin, Broken Hills, Dayton, Mina, Tono-
pah, and Yerington, all in Nevada, IV. 

November IS: 13:29. Seal Beach, IV. Ill and under at Huntington Beach,
Long Beach, Los Angeles, and Pasadena.

November 20: 0:45. Los Angeles, IV. Also felt at Bell and Huntington Park. 
November 20: 1:10. Balboa, IV. Felt at Glendale. 
November 20: 2:31. Huntington Park, V. Downey, IV. Also felt at Bell,

Glendale, and Los Angeles. 
November 22: 18:25. Caribou, IV. Also felt at Almanor Inn, Butte Valley, and

Prattville. 
November 28: 6:15. California-Nevada border. Slight at Coleville, Marklee-

ville, and Topaz, Calif., and Minden, Nev. 
December 2: 15:19. San Jose, scarcely perceptible.
December 11: 1:50. Watsonville, IV. Also felt at Spreckels and Wrights. 
December 11: 2:01. Hollister, IV. Also felt at Aptos, Morgan Hill, Ross, San

Francisco, and Santa Crus. 
December 11: ( ). San Jose, felt. 
December 13: 7:34. San Francisco Bay region, IV. Felt over 5,000 square miles.

See map. Epicenter uncertain without instrumental data. May have been
off shore.

INTENSITY IV:
Carmel, Gilroy, Hollister, Monterey, Morgan Hill, San Francisco, San Jose,

Santa Cruz, Soquel, and Watsonville. 
INTENSITY III AND UNDER: 
Aptos, Benicia, Corte Madera, Pacific Grove, Redwood City, Ross, Salinas,

San Martin, Spreckels, Stanford University, Sunol and Wrights. 
December 15: 0:55. Broken Hills, Nev., IV. Also felt at Brucite, lone, and

Granite, Nev.
December 15: 15:16. Seal Beach, IV.
December 19: 21:28. Huntington Beach and Mile Rocks, felt. 
December SO: 10:00. Seal Beach, IV. Also felt at Huntington Park.

WASHINGTON AND OREGON

120th meridian or Pacific standard time]

January 2: 17:20. Seattle, Wash., IV. Many felt houses sway, furniture was 
shaken and pictures moved on walls. Two tremors, first at 5:20 p. m., the 
second occurring at 10 p. m.

January 17: 22: . Burns, Oreg. Meteor fell causing/shock like an earthquake.
January 29: 1:45. Port Townsend, Wash., III. Few awakened by rapid east 

to west motion, windows and doors rattled.
March 18: 1:01. Sultan, Wash., II. Slight but distinct shock felt by observer.
April 29: 1:05. Chelan and Pateros, Wash., III. Felt by many. Windows and 

doors rattled, trees and bushes shaken slightly. Lasted several seconds.
May 29: 12:30. Chelan, Wash., III. Light shock felt by many caused windows, 

doors and dishes to rattle.
May 31: 12:20. Chelan, Chelan Falls, and Lakeside, Wash., IV. Two shocks, 

one at 12:20, the second at 12:30. Apparently strongest at Chelan Falls 
where it was felt by all and caused windows, doors, and dishes to rattle, and 
moved small objects. Trees and bushes shaken slightly.
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August 22: 3:35. Everett, Wash., IV. Strong shock awakened many at Ever- 
ett, Hartford, and Hansville. Strongest at Everett where houses were 
shaken, windows, doors, and dishes rattled, and small objects moved. 
Another shock at about 3:37.

August 22: 4:30. Bothell, Wash., IV. Several awakened as dishes, doors, and 
windows rattled and walls creaked. Shock lasted 5 seconds.

August 22: 4:35. Seattle, Wash., IV. Strong, vertical, highly localized shock 
awakened hundreds and "all but tossed us out of bed." Windows and dishes 
rattled in scores of homes but there was apparently no damage. 

/ November 23: 6:25. Portland, Oreg., III. Several awakened by trembling 
motion lasting a few seconds.

ALASKA

[150 meridian time]

NOTE. Instrumental epicenters are obtained from teleseismic data and subject at times to errors of a 
degree or more.

January 3: 18:00*. Instrumental epicenter 61° north, 147° west. Seward. A 
severe earth shock of 20 seconds duration sent people running into the 
streets. Ground cracks appeared at several Alaskan points and even in the 
streets of Seward, the fissures running north and south. The valley leading 
north from Seward was markedly disturbed; cracks appeared in the Forestry 
Bureau road for a distance of 20 miles to Kenai Lake and the effects of the 
quakes were noticeable along the Turnagain Arm route of the Alaska 
Railroad.

Anchorage reported "an earthquake of greater intensity than any pre 
viously recorded here." It shook the city for 45 seconds. Fairbanks and 
Cordova reported quakes of brief duration and slight intensity. At Horner 
the shock lasted over 2 minutes, and at Ellamar, about 50 seconds. It was 
felt by many at McCarthy, Susitna, and Wasilla. Chickaloon reported a 
shock at 18:30. No property damage was reported at any point.

January 17: 0:08. Homer; "just noticeable."
March 2: 12:30. Yakutat.
March 2: P. M. Susitna.
March 17: 5:20. Yakutat; lasted 45 seconds.
March 17: 22:30. Susitna.
March 18: 22:20. Juneau, III. Recorded instrumentally at Sitka.
March 20: 21:45. Valdez; slight.
March 27: 18:21. Whale Island, Afognak. Felt by observer. Recorded instru 

mentally at Sitka.
April 2: 8:26. Homer, III.
April 18: 20:40. Whale Island, Afognak; light earth tremor.
April 22: 7:17. Whale Island, Afognak; felt by several.
April 26: 10:28. Dutch Harbor, Aleutian Islands. Slight earthquake, no 

damage.
April 26: 16:36*. Instrumental epicenter 62° north, 151° west. Anchorage, VI. 

Telegraph lines were down for a distance of 50 miles from Anchorage. The 
shock lasted about 3 minutes. Plate glass windows in several stores were 
broken and stocks of goods tumbled from their shelves. This earthquake 
was considered by residents as the worst in 30 years.

The quake was felt severely on Kodiak Island and along the Aleutian 
Islands. It was felt strongly at Curry, McGrath, Seward, and Wasilla; 
Dillingham (Kanakanak), IV; reported light at Healy. The shock was felt 
also at College, Fairbanks, Susitna, Valdez, and Whale Island.

Because of difficulty in correlating the times of occurrence of the following 
aftershocks it has been considered best to list them all as individual shocks, 
even though it is evident that this is not always true.

April 26: Homer; earthquake and following tremors.
April 26: Kasilof; cracks in ice 3 feet thick running east and west.
April 26: Big Susitna River District, VII.
April 26: Old Tyonek, VII. Houses shaken off foundations.
April 26: 16:45. Whale Island, Afognak; fairly heavy shock. Felt also at 

Seward.
April 26: 17:03. Homer, V; worst in 15 years.
April 26: 17:13. Seward. Slight shocks felt occasionally until after midnight.
April 26: 17:29. McCarthy, IV. Susitna, III.
April 26: 17:37. Homer, Mile Seven (Cordova), and Susitna, III.
April 26: 17:50. Mile Seven (Cordova) and Susitna, III.
April 26: 18:10. Homer; mild; 76 seconds duration.
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April 26: 18:50. Anchorage, V. Time questionable; possibly 16*37 or 17:50.
April 26: 23:00. Homer, III.
April 27: 12:20. Dutch Harbor. Buildings shaken; no damage reported.
April 27: 21:35. Homer, mild.
April 27: Time uncertain. Whale Island, Afognak. Two light shocks.
April 27: Anchorage. Fifty-four aftershocks were noted; the major shocks

occurred at 3:30, 4:30, 11:55, 16:55, and 21:15. Clocks were stopped but
no damage reported. The shocks felt at Anchorage at 16:55, 20:40, and
21:15 were recorded instrumentally at Sitka. 

April 27: Susitna. Continual earthquake all day.
April 28: Time uncertain. Whale Island, Afognak. Two light tremors. 
April 28: Anchorage. Nine aftershocks, the most prominent one occurring at

2' 32 
April 28: Susitna. Aftershocks; occurred at 0:05, 9:06, 9:12, 10:27, 14:25,

and 16:04.
April 29: Anchorage. Thirteen aftershocks were noted; two major ones oc 

curred at 2:30 and 17:43. Shocks felt at 0:45, 8:34, and 17:43 were
recorded instrumentallv at Sitka. 

April 29: Susitna. Aftershocks; occurred at 4:05, 7:20, 10:10, 13:07, 15:25,
15:45, 15:51, and 16:22.

April 30: Anchorage. Eight aftershocks. The principal one occurred at 1:30. 
April 30: 2:20. Susitna, felt. 
May 1: 0:06. Susitua. Strong aftershock. It was recorded ins rumentally at

Sitka. Smaller aftershocks occurred at 12:05, 14:45, 18:00, nd 21:00. 
May 1: 5:15. Seward. Also some during night. 
May 1: 11:53. Anchorage, two aftershocks. The principal sho occurred at

11:53.
May 1: 20:32. Whale Island, Afognak. Light shock. 
May 2: Anchorage, five after shocks. 
May 2: 23:00. Seward, felt.
May 3: 2:30. Anchorage and Susitna, aftershock. 
May 3: 2:35. Anchorage and Susitna, aftershock. It was reported heavy at

Anchorage and was recorded instrumentally at Sitka. 
May 3: Anchorage. Ten aftershocks. Those at 2:30, 2:35, and 16:15 were most

noticeable.
May 3: Susitna. Four aftershocks occurred at 2:30, 2:35, 14:35, and 16:25. 
May 4 : Anchorage. Four aftershocks. 
May 4- Kasilof, two small quakes. 
May 4: 3:01. Susitna, felt.
May 5: Time uncertain. Anchorage, one aftershock.
May 5: Susitna. Four aftershocks occurred at 7:55, 18:40, 19:40, and 20:15. 
May 6: Susitna. Two aftershocks occurred at 8:40 and 13:30. 
May 7: 19:00. Susitna. Four aftershocks occurred at 8:35, 13:05, 19:00, and

19:25. The one at 19:00 was reported strong. 
May 13: P. M. Seward, felt.
May 13: Time uncertain. Old Tyonek, severe; some damage. 
May 14: 17:00. Seward, felt. 
May 15: 6:35. Susitna, felt. 
May 15: 22:30. Seward, felt. 
May 18: Anchorage. A number of minor shocks have been felt from May 13 to

May 18.
May 19: 12:10. Allakaket, shock lasted 2 minutes. 
May 22: 21:10. Seward, two shocks, 4:04 and 21:10. The second shock was

felt at Anchorage and was recorded instrumentally at Sitka. 
May 25: 6:25. Anchorage and Seward. Sharp at Anchorage. 
June 11: 15:50. Homer, mild. 
June 12: 5:06. Homer, mild. 
June 12: 5:23*. Instrumental epicenter, approximately 61° north, 155° west.

Homer, Seward, and Susitna. Reported as felt by observer from each
place.

June 13: 6:07. Seward, felt by observer. Recorded instrumentally at Sitka. 
June 13: 12:20*. Instrumental epicenter, 61° North, 151° West. Chickaloon,

Homer, and Seward, earthquake of moderate intensity. Lesser shocks were
felt for a day before main shock.

June 13: Time uncertain. Homer; lasted about 1 minute. 
June 14: Anchorage. Two shocks felt; no damage reported. 
June 15: 12:40. Anchorage, moderate intensity. Several minor shocks felt.

Susitna, felt by observer. Recorded instrumentally at Sitka. 
June 16: 22:55. Seward, slight.
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June 16: Time uncertain. Kasilof, felt.
June 17: 12:11. Seward, rather severe.
June 17: Time uncertain. Kasilof, felt.
June 19: 8:30. Homer, felt by all.
June 19: 8:48*. Instrumental epicenter 60° North, 150° West. Seward and 

Susitna, felt.
June 19: Time uncertain. Kasilof, felt.
June 19: 9:02. Seward, very slight.
June 28: 0:25. Seldovia, felt.
June 28: 2:05. Homer, III.
June 28: Instrumental epicenters placed at 53° north, 165° west, near the Alaska 

Peninsula; and at approximately 53° north, 163° west, according to St. Louis. 
Islands in the vicinity of Dutch Harbor reported a series of earthquakes of 
considerable intensity. Shocks were recorded instrumentally at Sitka at 
10:01.6 and 23:39.0, June 28, and at 2:30.7, June 29, Greenwich civil time.

July 28: 1:49. Dutch Harbor. "A violent earthquake of 15 seconds duration 
was felt in this vicinity at 3:49 a. m., Pacific standard time." Damage not 
determined. It was recorded instrumentally at Sitka.

August 30: 16:52*. Instrumental epicenter 60° north, 137° west. Haines and 
Skagway, V. Juneau, IV. Three heavy shocks reported at Skagway.

August 31: 4:00. Eagle, felt.
September 19: 13:40*. Instrumental epicenter 58° north, 137° west, approxi 

mately. Juneau and Skagway, IV. Pictures and chandeliers swayed, 
clocks stopped; no damage reported.

September 19: 18:55. Homer, very light shock.
September 24: 7:43. Anchorage, a slight earthquake reported felt. Also, big 

game hunters who had been at Post River Lake, 175 miles northwest of 
Anchorage, reported nightly earthquakes followed by thunderous roars and 
booming explosions.

September 26: 19:20. Anchorage, lasted 5 seconds.
September 26: 23:00. Anchorage, lasted 15 seconds.
September 28: 17:00. Anchorage, felt.
October 11: 8:25. Homer, III.
November 5: 23:15. Seward, felt.
November 7: 5:30. Cordova, slight tremor.
November 11: 11:15. Homer, III.
November 28: 23:55. Homer, felt.
November 27: 23:25. Homer, felt.
December 5: 7:25. Seward, felt.
December 17: 19:27. Juneau, III. Recorded instrumentally at Sitka.
December 29: ,11:55. Homer, "just noticeable."

VOLCANIC ACTIVITY IN ALASKA

There have been several reports of volcanic activity in Alaska. May 13, it 
was reported that an unnamed peak west of Tyonek, an apparently long extinct 
volcanic crater, was throwing out smoke. May 23, Mount Redoubt, 10,000- 
foot volcano, dormant for years, was reported to be throwing smoke. December 
1, Kanaga Island reported that the Great Sitkin volcano was erupting.

HAWAIIAN ISLANDS
[157J-3 meridian (West) time]

NOTE. In the case of these islands with their many earthquakes of volcanic origin, only the more severe 
ones are listed. Reports of the Volcano Research Laboratory under the jurisdiction of the United States 
Geological Survey and the Hawaiian Research Association give all details. The epicenters of 92 local shocks 
have been published by A. E. Jones, in the journal of the Washington Academy of Sciences, vol. 24, no. 10, 
October 15, 1934.

October 21: A nearby shock was recorded instrumentally at Honolulu at 9:11.
December 2: 6:00. Hilo. The entire island of Hawaii was shaken by earthquake 

shocks preceding the eruption of the Mauna Loa Volcano. Press reports 
stated that this eruption was "the greatest eruption of a Hawaiian volcano 
since 1903."

PHILIPPINE ISLANDS
[120th meridian (East) time]

NOTE. Only the more important shocks are included in this report. See reports of Weather Bureau, 
Manila Central Observatory, for complete data.

February 19: 12:36. Instrumental epicenter located in region 14°.2 north, 
122°.7 east, according to Manila. Felt in southeastern Luzon, at Daet. 
VIII.
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March 3: 10:20. Instrumental epicenter placed in Zambales Mountains, accord 
ing to Manila. Felt throughout western Luzon; Manila, IV.

March 22: 19:42. Daet, southeastern Luzon, VI.
May 27: 12:43. Borongan, Samar Islands, VI; Tacloban, Leyte Island, V.
June 6: 10:29. Instrumental epicenter estimated at 14°.3 north, 121°.6 east, 

according to Manila. Manila, IV. Provinces of Rizal, Laguna, Batangas, 
Bulacan, Cavite, and Tayabas, felt. There was some damage to brick work 
in sugar central at Nasugbu, Batangas.

August 20: 19:46. Instrumental epicenter located in region 13°-.6 north, 124°.8 
east, according to Manila. Southeastern Luzon, VI.

December 2: 16:45. Instrumental epicenter located in region 20°.3 north, 121°.9 
east, according to Manila. Basco, Batan Island, VII.

December 26. A volcanic eruption, a typhoon and a tidal wave occurring in the 
Philippine Islands took a toll of at least nine lives and caused much property 
damage.

PUERTO RICO

[60th meridian time]

March 19: 13:07. Santurce, felt. 
October 23: 23:18. San Juan, felt. 
November 9: 19:47. San Juan, felt.

PANAMA CANAL ZONE

[75th meridian time]

February 19: 18:28. Balboa, reported felt by a few people.
February 21: 11:45. Balboa, reported felt by a few people.
March 12: 2:43. Balboa, felt by one.
May 6: 0:34*. Instrumental epicenter 6° north, 83° west, off west coast of

Panama. Balboa, III. 
May 30: 6:44 to 6:57*. Instrumental epicenter 8° north, 83° west, off west

coast of Panama. Balboa, felt by few. 
June 19: 4:48 and 4:51. Two quakes superimposed. First quake stronger,

intensity IV. Balboa, first quake alarmed several. 
June 25: 22:53. Balboa, II, felt by few. 
July 7: 16:11. Balboa, felt by few. Origin doubtful, may have been dynamite

explosion. 
July 9: 17:13. Similar to preceding quake. Shock very sharp and rapid,

lasted about 2 seconds. Balboa Heights, felt by observer. 
August 12: 5:12. Balboa, felt by observer. 
September 22: 11:41. Balboa, IV. Some people reported hearing a sharp noise

similar to an explosion; felt by many. 
November 21: 18:49. Instrumental epicenter approximately 8° north, 83° west,

Balboa, I. Chiriqui and Bocas del Toro Provinces, R. P., felt.
Chiriqui, R. P., felt. 

Chiriqui, R. P., felt.

north, 84° west. Balboa, I.

November 21: 23:53. Balboa I.
November 22: 0:08. Balboa, I.
November 22: 1:58. Balboa, I.
November 22: 3:12. Balboa, I.
November 22: 3:45. Balboa, I.
November 22: 5:14. Balboa, I.
November 23: 13:58*. Instrumental epicenter 8 C

Chiriqui, R. P., felt. 
November 29: 0:03*. Instrumental epicenter 8° north, 84° west, off west coast

of Panama. Balboa, I. 
December 1: 11:29. Balboa, I. 
December 1: 22:02. Balboa, II.
December 5: 23:58. Balboa, IV, felt locally by many. 
December 6: 1:36. Balboa, III, felt locally by many. 
December 6: 5:25. Balboa, IV, felt.

MISCELLANEOUS ACTIVITIES

GEODETIC WORK

During the year 1933 one arc of triangulation was completed for the 
investigation of earth movement in California. This work was a 
reoccupation of the stations of an arc originally executed in 1928-29 
from Newport Beach to Riverside, Calif., to determine the amounts of
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horizontal movements in this area caused by the Long Beach earth 
quake. However, the differences between the original observed angles 
and the angles observed in 1933 were too small to indicate that any 
movement of the stations had occurred.

The following lines of levels were run during the calendar year 1933 
for the purpose of investigating earthquakes or detecting earth 
movements:

Dumbarton Bridge, via Palo Alto, to Skyline Boulevard, Calif. 
Santa Ana to San Diego and Fall Brook, Calif. (Releveled.) 
San Jose to Santa Margarita, Calif. (Releveled.) 
San Francisco to Niles to Oakland, Calif. (Releveled.) 
Mina to Battle Mountain, Nev.
Cairo-Hoxie Area (Arkansas, Kentucky, and Tennessee).
Harbor City to Redondo Beach, Calif. (In progress at the end of the year.) 

(Releveled.)
Long Beach Area, Calif. (In progress at the end of the year.) (Releveled.)

The lines from San Jose to Santa Margarita, Calif., and from San 
Francisco to Niles to Oakland, Calif., were rerun because of abnormal 
settlement of San Jose, which may not be attributable to earthquakes.

The first 5 lines in the above list have been fitted to the first-order 
level net and the results published in mimeographed form. The re 
maining lines have not been fitted to the first-order net.

TIDAL OBSERVATIONS

The great seismic sea wave resulting from the submarine earthquake 
originating off the Sanriju coast of Japan on March 2 was recorded on 
the tide gages at Honolulu, Territory of Hawaii, and at Santa Monica, 
Calif. Official reports state that 1,560 were killed, 956 missing, and 
354 wounded; 2,878 houses were washed away, 1,458 thrown down, 
and 211 burned. The locally affected territory lay along the north 
east coast of the main island centering around Ryori Bay. The 
waves were 96 feet high at the head of the funnel-shaped bay, 45 feet 
at Sasu and in proportion elsewhere.

The first wave arrived at Honolulu at 14:35, 157}£ meridian time, 
indicating an average velocity from the origin of 480 miles per hour. 
At Santa Monica the arrival time was 20:30, 120th meridian time, 
corresponding to a velocity of 475 miles per hour. At Santa Monica 
the time is somewhat indefinite due to interference of the seiche 
movement generally present.

On the Island of Hawaii a wave rising 9}£ feet above mean tide was 
reported from Napoopoo. Further details can be found in the 
Volcano Letter for March.

No other tidal disturbances of seismological interest were noted on 
the tidal records of the Bureau.

HYDROGRAPHIC WORK

Vessels of the Bureau are directed to make reports of visible and 
felt effects of earthquakes. Parties engaged in surveys near Los 
Angeles submitted reports on the Long Beach earthquake and refer 
ence is made to them in the description of that shock elsewhere in 
this publication.
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This supplements information given in the preceding pages of this 
publication where the usual practice of abstracting post-card reports 
was followed. Those pages as well as the strong motion seismograph 
results following should be consulted for further information which this 
publication contains on the Long Beach earthquake.

As previously stated the Coast and Geodetic Survey had no party 
in the field to prepare a detailed report on events in the epicentral 
area, but such reports have been published by other organizations, 
and the Bureau is indebted to them for the material which follows. 
The scientific aspects have been thoroughly covered by H. 0. Wood 
of the Pasadena Seismological Laboratory; the engineering phases by 
the report of the National Board of Fire Underwriters prepared under 
the direct supervision of Robert E. Andrews. Of general interest is 
the description of the shock as reported by Lawrence Daingerfield of 
the Los Angeles Weather Bureau office; also a statement of Prof. 
Charles C. Conroy, cooperating with that office on meteorological 
conditions at the time of the shock. The reports mentioned should 
be consulted for further details. The object in extracting their more 
important features is to embody under one cover the essential facts 
of the earthquake in order that they may always be readily accessible 
to those who may wish to refer to them in connection with the non- 
instrumental and the seismographic results of this Bureau.

The following quotations are taken from Mr. Wood's article en 
titled, "The Long Beach Earthquake of March 10, 1933", appearing 
in the bulletin of the Seismological Society of America, vol. 23, no. 2, 
April 1933. The author emphasizes that this is only a preliminary 
account of the shock.

Foreshocks. "For several years previously, sporadic shocks, some 
strong enough to be felt over very small districts, had been registered 
from sources located at various small distances to the northwest of 
the origin of the shock on March 10, 1933, most of these in a small 
region some 16 to 48 kilometers (10 to 30 miles) distant. These had 
been the subject of speculative discussion, and their occurrence had 
been brought guardedly to the notice of an official group concerned 
with measures for public protection in case of disaster, but the shocks 
were neither frequent enough nor located sufficiently close together 
to be recognized definitely as foreshocks presaging an earthquake of 
serious nature. One shock, indeed, felt sharply at and near Hunting- 
ton Beach at about 1:13 a. m., Pacific standard time, on March 9, 
1933, originated very near to the source of the main earthquake. 
This must now be recognized as a true foreshock.

"Over an interval of several years small changes in level had been 
noticed in the Los Angeles Harbor district and to the eastward toward 
Long Beach. These had been the subject of recent surveys of precise 
levels by the United States Coast and Geodetic Survey, prior to the 
Long Beach shock.

"Notwithstanding these circumstances, the chief shock came with 
out any clearly indicated warning indeed with no sufficient sugges 
tion of its imminence."

25
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Epicenter and focal depth. The "arrival times indicate an origin 
very near to the point 33° 34'.5 north latitude, 117°59 / west longi 
tude, probably within 5 kilometers and very reasonably within 2 
kilometers. As always, the depth of the origin is less certain, but 
both instrumental and field evidence point to a value shallower than 
usual, probably about 10 kilometers (6 miles). Should more pro 
longed study necessitate changes in the position and depth of the 
origin as given here, the amount of any such correction will be very 
small. The epicenter thus determined is situated about 5}£ kilo 
meters (3}£ miles) southwest of Newport Beach, in the general course 
of a fault zone, commonly called "the Inglewood fault", projected to 
the southeastward beyond its intersection with the coastline."

Time of origin. Reported "very nearly 5 h. 54 m. 08 s., P. S. T."
Distribution of intensity. "The shock was perceptible almost every 

where in the 10 southern counties of California, and at some points 
farther to the northwest and north in the Coast Range, the San 
Joaquin Valley, the Sierra Nevada, and Owens Valley. It was felt 
also in the northern part of Lower California. At several of the more 
distant places nothing was noticed except the swinging of delicately 
suspended objects.

"General damage of significant degree the upper range of grade 
VII of the modified Mercalli scale of 1931, and higher was caused 
in an area bounded by a rudely elliptical curve drawn approximately 
through Manhattan Beach, Inglewood, Hyde Park, Vernon, Downey, 
Norwalk, Fullerton, Santa Ana, and Laguna Beach. The longer, 
northwest-southeast axis of this area may be as much as 70 kilometers 
(say 45 miles) in length; its shorter northeastward semiaxis is at most 
15 to 20 kilometers (say 9 to 12 miles) long. The land area seriously 
affected may amount to 1,200 square kilometers (say 450 square 
miles).

"In the aggregate, considerable damage was done outside this area, 
in isolated districts sporadically distributed. Much of it was of minor 
nature.

"Inside the area mentioned there are many places where significant 
damage was not conspicuous on hilly ground or where underground 
conditions were not unfavorable and construction not too bad or 
unsuitable. This was noticeably the case on the compact sedimen 
tary rock of the San Pedro Hills west of Long Beach. In fact, a con 
siderable part of the area appeared to be characterized by intensity 
lower than grade VII of the 1931 scale. Even in the most vigorously 
shaken areas excellent construction on well-chosen or well-prepared 
foundations suffered relatively little, even at Compton where the 
proportion of damaged structures was greatest and the scene of 
destruction the most spectacular. Many chimneys remained stand 
ing in districts where general damage was conspicuous; but in a 
hurried survey there was not time to ascertain whether these were 
wholly undamaged.

"Thus it is obvious, as on previous occasions, that much of the 
spectacular structural damage was due (1) to bad natural ground or 
grading made land, or deep water-soaked alluvium or sand; and 
(2) to bad or unsuitably designed construction bad foundation 
structures, little or no provision against the stresses caused by earth 
quakes, bad or unsuitable materials, bad workmanship, or some com 
bination of these factors. These unfavorable conditions appear to
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have been more prevalent than usual. Serious structural damage 
resulted at many places well distributed throughout the area out 
lined. It was markedly greater in business districts than in the 
surrounding or adjoining residential districts. While the total 
amount of damage was large, there is good evidence from numerous 
well-distributed structures which survived the shock with little or no 
obvious injury, and from the sparseness of minor geological evidence 
of hard shaking, that the intensity or violence of the shaking was no 
greater than is usual in strong local shocks. Also the duration of the 
hard shaking was short. More than usual this earthquake 'picked 
on the cripples.' The nature and amount of the structural damage 
were out of proportion to the energy and violence of the shock.

"Notwithstanding the foregoing statement, there was vigorous 
shaking for a short time, 10 or 15, or doubtfully 20 seconds, over much 
of the area in which damage occurred. Intensity low in the range of 
grade IX, 1931 scale, may possibly have been manifested in a few 
places, but this is doubtful. 'Apparent' intensity of this value was 
manifested in a number of places on exceptionally bad ground, where 
the intrinsic intensity as shown on good ground nearby was sub 
stantially less. Details of intensity distribution must be left to a 
more extended report."

Direction of vibration. "Details as to direction of vibration, or of 
movement or fall of objects, must be left for more extended reports. 
Shifting and fall of objects in many different directions have been 
reported from different places. In Long Beach, however, there was a 
fairly general tendency for houses to topple on unbraced foundation 
posts in a direction a little east of north, with a much smaller number 
down in a direction opposite to this. Also this general direction of 
motion appears to have affected a considerable area to the northwest 
of Newport Beach. Elsewhere, especially at greater distances, other 
directions prevailed. In some small districts objects fell in many 
diverse directions."

Faulting.  "No fresh movement of faulting extending to the sur 
face has been observed anywhere on this occasion. This is not sur 
prising, in view of the relatively small area visited by the harder 
shaking, the absence of any area consistently affected by intensity 
of grade IX, 1931 scale, or higher values, and the submarine location 
of the epicentral tract.

"There are a few sparsely distributed cracks in the ground in the 
wet, alluviated bottom land of the Los Angeles plain, 1 or 2 of which 
exceed a kilometer (0.6 mile) in length. These are diverse in direction 
and appear to be, without doubt, simply secondary cracks in magni 
tude. Their development is less marked than frequently happens 
with shocks of comparable intensity and size. To guard against 
misunderstanding, however, it should be stated that some of these 
cracks follow directions approximately parallel to the Inglewood 
fault zone, and other recognized faults, but it is clear that they do not 
mark, or follow, the surface outcrop of known or suspected faults.

"Along the shore between Long Beach and Newport Beach, and 
in a few localities nearby a short distance inland, road fills across 
marshy land, and similar earth construction resting on wet sand or 
mud, settled, shook apart, or moved laterally, causing considerable 
damage to the concrete highway surfaces, and to the approaches to 
highway bridges, which, being better founded, were less affected.
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Analogous phenomena were observed where piers and landings 
adjoin the shore. In a few places elsewhere the roadway was buckled.

"A few small landslides and falls of earth and loose rock material 
in small amounts from artificial embankments, road cuttings, and 
steep cliffs took place. Effects of this kind were too few and too 
small in size to be characteristic of the shock."

Disturbance of underground water. "In various places water was 
ejected from cracks formed by the shock, in numerous instances 
charged with sand or mud. ' Craterlets' were formed in some such 
cases. The area most markedly affected by the extrusion of water 
lies west of Santa Ana and north and northwest of Newport Beach 
and Huntington Beach. However, various other areas of water- 
soaked ground, such as the vicinity of Compton, exhibited such 
effects, and they also occurred in some places where the ground is not 
obviously heavily charged with water.

"In numerous instances the flow of springs and wells was affected, 
for the most part a temporary increase in flow. In many wells the 
water stood at a higher level for a time. In other wells the water 
level oscillated at the time of the shock through considerable ampli 
tudes. This phenomenon occurred in many wells distributed over a 
large area.

"In a few cases the temperature of springs and ejected water was 
increased noticeably. In cultivated fields in the strongly shaken 
area water flowed from newly opened cracks, where water was not 
previously found near to the surface. Most of these disturbances to 
ground water were found in the deeply alluviated Los Angeles plain, 
chiefly in the more violently shaken region."

Visible waves. "As usual, visible waves traveling along the surface 
were reported by many observers, and waving motions of trees, 
buildings, and other tall slender structures. In many instances the 
objective reality of the phenomena reported is questionable, as on 
previous occasions. However, other reports describe effects which 
are reasonable. The extent to which such action is real, and the part 
played by the unconscious motion of the observer, remains uncertain."

Sounds. "The chief shock was preceded, accompanied, and fol 
lowed by sound a low, deep-toned grave noise, variously described, 
most commonly as roaring. In some localities this appears to have 
been very loud. Such sound was also observed generally with the 
occurrence of many aftershocks."

Tidal wave. "There are no reliable reports of any conspicuous 
disturbance of the sea. Some disturbance in the near neighborhood 
of the origin must have occurred, but nothing of moment happened. 
Notwithstanding radio announcements and rumors, there was no 
'tidal wave' so-called."

Aftershocks. The article lists some of the stronger aftershocks 
numbering 34 on the 10th, 30 on the llth, 5 on the 12th, 3 on the 13th, 
4 on the 14th, and 1 each on the 15th and 16th.

"From the foregoing it may be noted that none of the aftershocks 
was comparable in size and strength with the main shock, despite 
alarm and subsequent damage to injured structures. At Pasadena 
the largest aftershocks were registered with amplitudes of about one 
twenty-fifth that of the main shock. Determination of the shock 
acceleration for these and for the main shock will require refined 
study."
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" * * * A1J told, those already recorded [up to May^O, 1933.  
Ed.] instrumentally number some thousands. Complete listing of all 
recorded is an impossibility, since the records of the more sensitive 
seismometers at Pasadena show nearly continuous seismic motion 
for many hours after the main shock."

The following extracts are from the report of the National Board of 
Fire Underwriters entitled, "Report of the Southern California 
Earthquake of March 10, 1933." The aim has been to limit them to 
statements of broad and general nature rather than repeat the details 
which make the original report so valuable to the underwriter and 
structural engineer. The material which follows is practically word- 
for-word quotation but has been condensed in such manner that 
smooth reading would suffer considerably if quotations, omissions, 
and minor changes were all indicated, and it is for this reason that the 
simpler form is adopted. For copies of the report itself, the reader 
should address the home office of the National Board of Fire Under 
writers, at 85 John Street, New York, N. Y.

Loss of life. The number of deaths is placed at 120, which does not 
include those who died of heart disease or from exposure or over- 
exertion subsequent to the earthquake. Few persons were killed 
inside buildings. Probably two-thirds of the loss of life was occasioned 
by persons being struck by falling cornices, parapets, and ornaments 
as they tried to escape from shaking buildings. There is abundant 
evidence to show the futility of trying to escape while such a barrage is 
in progress. That the loss of life was so small is partly due to the 
fortunate hour at which the earthquake occurred; had it come 3 
hours earlier, when the schools were in session, the dead would have 
been numbered by thousands. Fortunate, too, for the comfort of the 
thousands of persons obliged to live in the open for several days was 
the mildness of the weather.

Property loss. Total property loss in the shaken area was of the 
order of $40,000,000 including cost of repairs.

A conflagration in Long Beach was prevented by the following: 
The fire department received notification of fires by telephone, mes 
senger, or direct discovery, although more or less delayed, in time to 
extinguish them before they could reach serious proportions; danger 
ous fires occurred in districts where the water supply was not seriously 
weakened; no fires occurred in the principal mercantile, beach, or 
industrial districts; and there was little or no wind.

Topography and fault lines. The area affected is entirely in the 
coastal plain of southern California, which slopes gently from the 
mountains and hills southwesterly to the Pacific Ocean, a distance of 
15 to 20 miles. In a northwest-southeast direction the plain is 45 
miles long. It is drained by the Los Angeles, San Gabriel, and Santa 
Ana Rivers, the three largest streams in southern California. Along 
the coast, there are salt marshes and sand wastes, the latter in places 
extending 2 or 3 miles inland. The coastal plain is composed of 
unconsolidated beds of gravel, sand, and clay, these materials having 
been brought down by the streams and deposited, partly in shallow 
water near the coast and partly on land.

The regular seaward slope of the coastal plain is interrupted by a 
long line of hills, 200 to 400 feet high.

Structural features. The cities of Compton, Long Beach, and Hunt- 
ington Park, and the smaller towns between them suffered more 
severely than other communities. These cities are located near the
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present course of the Los Angeles River, largely on soft material 
approaching swampy character in some locations. Compton and 
vicinity are on soft alluvial fill, probably well saturated; a large part 
of Long Beach proper is on firmer ground sloping toward the ocean 
from Signal Hill, but the fault line supposedly causing the disturb 
ance passes directly through the city.

Many examples of building failures occurred. The lessons learned 
are riot new: The same structural weakness and failures were exempli 
fied in previous earthquakes in this and other regions.

Ordinary masonry. There was total collapse of some ordinary 
masonry buildings with wooden floors and serious damage to others 
due partly to faulty design and an inferior grade of workmanship. 
Few in the shaken area have basements, and foundations are not 
carried down to any great depth. The greatest damage was to 
fronts and parapet walls Ordinary brick buildings in the Compton 
area suffered severe damage.

School buildings throughout the shaken area suffered more than any 
other class of buildings. Passageways and exits were often piled high 
with debris due to toppling of architectural oranments, towers, 
copings, etc. Many of these buildings were of brick-and-tile construc 
tion. Buildings with pronounced architectural effects were damaged 
much more severely than those of plainer design and more regular 
shape.

The report stresses that mortar used was frequently of low grade 
and in some cases of wretched quality. Not only that, but the actual 
laying of brick was sometimes of indifferent standard, with vertical 
joints especially slighted. In some walls that collapsed the brick fell 
out practically clean.

Steel-frame fireproof. The majority of such buildings had brick or 
panel walls and often tile partitions. Owing to distortion of the 
unbraced flexible frames, panel walls were quite generally loosened 
and the bond between framing and walls broken, but walls were not 
shaken out except in a few instances. Distortion of frames was in 
general not sufficient to cause the diagonal cracking of panels which 
is characteristic in a severe shock. Damage to partitions or enclosure 
walls around stairways and elevator shafts of steel-frame buildings 
was very noticeable.

Reinforced-concrete frame. Response of this type of building was 
analogous to those with steel frames. Panel walls of brick and tile 
were cracked and loosened, the latter occurring even in the downtown 
areas of Los Angeles, where the shock was not severe. Fracture of 
first-story concrete columns at top and bottom was quite marked. 
Failures of reinforced concrete were frequently at construction joints 
or cold joints where a day's pouring of concrete stopped and surfaces 
had not been cleaned.

More structural failures occurred in columns supporting heavy 
concentrated loads such as water tanks than in building columns. 
Reinforced concrete buildings with filler walls of the same material 
survived the shock with less damage.

General. Buildings which embodied more than one type of con 
struction showed great variation in the amount of damage, depend 
ing upon care taken in design and soundness of construction, but 
few general conclusions can be drawn. Well constructed modern 
theaters with partial steel or reinforced concrete frames appeared to 
withstand the shock with only moderate damage and in some cases



UNITED STATES EARTHQUAKES, 1933 31

with none at all. Reinforced concrete courses at floor levels in brick 
walls appeared to be an advantage. Some battering together of 
tall buildings was evident in the spalling and breaking of contact 
corners.

Well-built frame buildings on good foundations withstood the 
shock very well, evren in the badly shaken areas. Some instances 
occurred where houses were moved bodily off their foundations, but 
there is every reason to believe that bolting of mudsills to founda 
tions would have eliminated this difficulty. Nothing like a whole 
sale wrecking occurred in residential buildings in any locality. A 
common source of structural damage to frame buildings was the 
buckling of underpinning which was not sufficiently braced, dropping 
the building so that the first floor rested on the ground. A striking 
commentary is the good behavior of frame stucco dwellings and 
apartment houses near the Long Beach Polytechnic High School.

Thousands of brick chimneys were thrown down, fractures gener 
ally occurring at the roof line but numerous examples exist of chim 
neys of apparently unstable dimensions still standing, perhaps by 
reason of a superior grade of masonry. Tile roofs suffered little 
damage, indicating that the ordinary methods of fastening roof tiles 
are sufficient.

Measures taken to reduce future damage. Practically all the cities 
and towns in the area affected, as well as the two counties, adopted 
building legislation intended to prevent the rebuilding of damaged 
structures in the same manner they were originally built. These, 
without establishing broad principles of design, demanded better 
details of construction.

Oil properties. Modern methods of storing and handling petroleum 
products were subjected to a severe test by the earthquake. In the 
Los Angeles Basin is the largest concentration of oil storage in the 
world, about 75,000,000 barrels being now in storage, and 60 percent 
of .this lies within the area which was severely shaken. The tank 
farms and refineries at Watson Station are very close to the line of 
the Inglewood fault, and in addition are on soft swampy ground on 
which a maximum of damage would normally be expected. In spite 
of these unfavorable conditions, the loss to oil properties was a very 
slight percentage of the total investment in this industry.

The chief damage to the oil industry resulted from breakage of 
piping and pipe connections, especially where rigid connections'are 
made to tanks. Tanks themselves, when well constructed, suffer 
very little. Much of the. trouble could be avoided by providing a 
reasonable degree of flexibility in piping connections.

The experience of the oil industry in this earthquake was far differ 
ent from that which past history would lead us to expect. In the 
Tokyo quake of 1923, practically all oil tankage was destroyed, tank 
connections were broken, the oil ignited and spread over a large area 
in the adjacent harbor.

Water supply. The water systems supplying Santa Monica, Glen- 
dale, Pasadena, Alhambra, Pomona, and the major part of Los 
Angeles were unharmed. Systems supplying Huntington Park and 
Santa Ana received only slight damage. Long Beach and the 
harbor district of Los Angeles were kept in water with great difficulty.

At Long Beach the most serious trouble was caused by leakage from 
numerous breaks in distributing mains ranging: in size from 4 to 12
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inches. The three pumping stations which supply the distribution 
system \\ere placed out of service by the first shock, leaving only 
elevated storage to supply the demand.

The Alamitos reservoir was replaced in 1931 with 6 steel tanks 
designed to withstand strong earthquake shocks and having a total 
capacity slightly in excess of 20,000,000 gallons. At the time of the 
earthquake they were about two-thirds full. They were undamaged, 
although the ground on which they rested was badly shaken and 
cracked.

The water department reports 127 breaks in distributing mains, 
not counting places at \\hich pipes were pulled apart. In addition 
there were numerous breaks in Seal Beach, a small community to the 
southeast which is supplied by the Long Beach system, and it was 
out of water several days. Breaks were dependent on the character 
of soil, all occurring in sand, silt or filled ground, and none being 
reported in firm adobe. The widening of the sandy spit between 
Alamitos Bay and the ocean caused pipes to pull apart at many 
places so that in making repairs it was frequently necessary to install 
an extra 4 feet of pipe.

The 12-inch main under the channel was pulled apart 8/2 inches 
on Mormon Island and 4 inches on Terminal Island; there were also 
21 leaks in the under water portion of the main, as determined by 
air pumped into it. The 16-inch main under the channel was found 
to be intact.

Wells. At the time of inspection, no well casings were reported to 
have been thrown out of line or otherwise damaged. Just after the 
main shock water overflowed shallow wells driven near the Santa Ana 
River about 4 miles from its mouth; on the following day the water 
level was found to be 5 feet higher than before the shock.

Steel tanks at ground level. The Western Avenue tank of the Los 
Angeles Water Department is the most striking example of complete 
destruction suffered by any water-supply structure. It was built 
in 1917 on a slight knoll in a sparsely settled district 7/2 miles south 
west of the congested value district. It survived the Inglewood 
earthquake of 1920 \\ith only nominal damage, although it was 
only three-fourths of a mile from the fault line.

There was considerable distortion under wind action, and as the 
location was exposed to frequent and prolonged high winds, the 
weaving of the metal through 16 years may have induced fatigue.

At the time of the earthquake there were between 5,000,000 and 
6,000,000 gallons of water in the tank. So violent were the forces 
wrecking the tank, that it appears almost as if an explosion had 
taken place. Portions of the shell were transported as much as 
200 feet from their original positions, generally in a southwest direc 
tion. Undoubtedly wave action played an important part, the wave 
period probably synchronizing with the earthquake period and gradu 
ally building up an enormous force.

The Long Beach tanks, which were undamaged, were of smaller 
size, and had less than half the capacity. They had no concrete 
base, but rested directly on oiled sand, particular pains having been 
taken to make the foundation homogeneous by removing the adobe 
top layer.

At least six smaller water tanks at various locations had trouble 
with the anchor bolts securing them to concrete foundations. These 
bolts were either bent, broken or pulled out of the base or had the
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plates holdiDg them budded or ruptured. Several of these tanks were 
only moderately shaken.

Elevated tanks. Twenty-five elevated steel tanks on steel legs were 
used for municipal water supply in the area affected. Two collapsed 
and two others were placed out of service because of broken risers. 
Practically all steel towers had tie rods stretched or snapped, the 
obstruction being most general in the top panel. A number of large 
steel tanks for automatic sprinkler supply behaved in the same 
manner.

All elevated steel tanks placed out of service by the earthquake 
were of hemispherical bottom type with small riser. Although tanks 
of this type were by far the more numerous, a considerable number, 
used both for municipal service and for sprinkler supply, Jiad ellip 
soidal bottom and large riser, and came through the earthquake with 
out material damage.

So far as known, the only elevated steel tank actually designed for 
earthquake resistance is a 75,000-gallon tank for spriDkler supply 
near the waterfront in Long Beach. It survived the earthquake in 
perfect condition, not even the tie rods needing adjustment, and 
fully justified the slight additional cost of the safe construction.

Of about 25 wooden tanks on wooden towers, nearly a third were 
destroyed. M any were old and the wood had been weakened through 
the effect of age. In several instances, tanks were insecurely fas 
tened to platforms, were thrown off center by the shaking, and 
finally toppled over. Inadequate tower bracing was a contributing 
factor in several failures.

Gas service. Broken gas services and devices caused 7 of the 19 
fires reported in Long Beach during the night of March 10. Prompt 
closing of valves, together with a major break in a high-pressure 
main, undoubtedly prevented fires in numerous locations in the 
business district. Preparedness for seismic disturbance is of very 
great importance in connection with gas service.

Light and povjer service. The earthquake has shown power com 
panies the necessity for improved station construction and installation 
of generators and connected equipment, and has called attention to 
the vital importance of maintaining power to water supply pumps 
and the desirability of street illumination.

Telephone service. Automatic operation of telephones with its 
selective handling of emergency calls has proven to be a more suc 
cessful method of transmitting fire alarms, first aid, and police calls, 
in the event of disaster than the manual method. In addition to 
the obvious need of properly constructed buildings, design of equip 
ment should be ample to .transmit the full capacity of connected lines 
and trunks without danger to apparatus.

The failure of telephone toll lines connecting Long Beach with 
other cities indicates the necessity of listing for use all private com 
municating systems, such as those of power and gas corporation, 
telephone systems, etc., so that aid may be summoned from other 
cities with a niinimum of delay.

The following paragraphs are quoted from a report prepared by 
Lawrence Daingerfield, in charge of the local office of the United 
States Weather Bureau at Los Angeles. This information coming 
from one long experienced in the observation of natural phenomena 
may be taken as typical of the earthquake's effects in the business 
section of Los Angeles.
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"The pendulum of the Seth Thomas clock on the east-southeast 
wall, office of the Weather Bureau, eighth floor of the Central Build 
ing, Sixth and Main Streets, Los Angeles, stopped at 5:54:53, or 7 
seconds before 5:55 p. m., March 10, 1933, due to the extremely 
violent swinging of the building. This must have been very shortly 
after the onset of the shock, which began with sharp vertical or up- 
thrusting movements. The dominant vertical movements persisted 
for 15 to 20 seconds, followed by a brief trembling period, to be 
followed immediately by violent rocking or swaying motion, southeast 
to northwest, for an additional period of at least 20 seconds. The 
office ceiling light chandeliers are swung on 3-foot cords. These 
lights swung from east-southeast to west-northwest, almost touching 
the ceiling at each end of the vibration. The building manager 
stated that the water tank on the roof was probably filled to between 
2 and 3 feet of the top; the roof vibration was sufficient to throw 
large quantities of water out of tank and on the roof. A party who 
was standing near the alley on the west-northwest side of the building, 
which has a well-constructed steel frame and is 150 feet in height, 
noted that it swayed violently and seemed to tremble with the wall, 
becoming somewhat undulated like waves running from the alley to 
the coping of the building. Mark H. Stanley, observer on duty in 
the Weather Bureau office at the time of the shock, states that the 
building shook and swung with great violence, hurling the several 
office doors open and shut, and making it impossible for him to stand 
on his feet except by holding to some fixed object.

"The writer was home at the time, having just arrived from the 
office, and was on the fourth floor (or top floor) of the Glen-Donald 
Apartments, 2121 West Ninth, a little over 2 miles west of the 
Weather Bureau office. The shock was of the same nature and 
apparent intensity as at the office. The severe bumping, due to the 
vertical component, was noted at the onset of the shock, supple 
mented by the violent rocking or swaying east-southeast to west- 
northwest motion, during which time considerable bumping per 
sisted. Furniture moved, bric-a-brac and some pictures fell to the 
floor, some cracks appeared in the ceiling and side walls, and the 
main chimney was so badly twisted and broken in the topmost 6 
feet that it had to be taken down and rebuilt. Many of the tenants 
of the Glen-Donald were panic-stricken.

"It is believed that intensity VIII, Rossi-Forel scale, prevailed in 
most of the business section of Los Angeles, gradually increasing to 
IX in the south portion of the city. Some of the older brick buildings 
in the area were rendered untenantable, some even being thrown 
down by the first and most violent shock."

The weather on the day of the earthquake has been made the 
subject of an interesting report by Prof. Charles C. Conroy, coop 
erating with the Weather Bureau office at Los Angeles.

"In view of the widespread popular belief that earthquakes are 
associated with a certain type of close, sultry weather, a detailed 
account of meteorological conditions at Los Angeles on March 10 and 
11 will not be without interest. The attached maps show the dis 
tribution of pressure over California and adjacent regions on both 
mornings, and on the evening of the 10th, an hour before the earth 
quake. During the day, which was somewhat hazy, there had been a 
considerable movement of cirro-stratus and alto-stratus cloud from
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the west. In the late afternoon the air was filled with a peculiar bluish 
haze, resembling a veil of smoke. At 4:30 p. m. the writer called the 
attention of Mark H. Stanley, of the Weather Bureau, to this phe 
nomenon. At 4:45 p. m. a sheet of alto-stratus cloud moved up 
rapidly from the west, and at 5:10 p. m. had entirely covered the 
sky. This cloud sheet persisted, but thinned gradually after 6:45 
p. m., and the moon shone through with increasing brightness in 
the evening. At the writer's residence light fog began at 9:15 p. m., 
became dense at 11, and dissipated between 1 and 2 a. m. on 
March 11.

"Alto-stratus cloud, moving from the southwest, continued through 
the rest of the night and into the early morning hours. When it 
began to disappear, after 8 a. m. on March 11, cirrus clouds, moving 
also from the southwest, were seen behind it. Shortly after noon 
small alto-cumulus clouds from the south began to appear, and at 
2 p. m. had spread over two-tenths of the sky. Above these were 
large patches of cirro-stratus, moving from the southwest, and filling 
perhaps four-tenths of the sky. At 3 p. m. the alto-cumulus clouds 
had withdrawn to the east, and a veil of alto-stratus was rising from 
the southwest, whilst overhead cirro-stratus was still abundant. 
Alto-cumulus prevailed during the rest of the afternoon, the latter 
clouds disappearing soon after sunset. In the evening the moon 
again shone through a thin sheet of alto-stratus. It may be added 
that the movement of all types of cloud in the afternoon was rather 
rapid. At the same time the barometer was appreciably unsteady, 
though the changes were very small.

"The relative humidity on the 10th was a little high, but on the 
llth it was below normal. The maximum temperature on the 10th 
was 70° at 1:30 p. m. At the time of the first shock the temperature 
was 58°, and it fell very slowly during the night. As a matter of 
interest, tables of hourly temperature and pressure, the latter reduced 
to sea level, have been prepared. These statistics are taken from the 
traces of the self-recording instruments of the United States Weather 
Bureau in Los Angeles."



SEISMOLOGICAL OBSERVATORY RESULTS

The Coast and Geodetic Survey publishes the results of its tele- 
seismic stations and cooperating stations monthly in mimeographed 
form. In these reports all seismogram interpretations are tabulated 
together with epicenters based on the published data and instrumental 
results received from seismological stations in all parts of the world. 
These reports will be furnished upon request to the Director of the 
Bureau. In the summary of epicenters in this report attempt^ are 
sometimes made to improve epicenters already published, especially 
in the case of those in North America.

Instrumental results are published for the following observatories:
Pittsburgh, Pa. (University of Pitts 

burgh).
San Juan, P. R.
Seattle, Wash. (University of Washing 

ton).
Sitka, Alaska.
Technology, Maine (Massachusetts In 

stitute of Technology).
Tucson, Ariz.
Ukiah, Calif. (International Latitude 

Observatory).

Balboa, C. Z. (The Panama Canal).
Bozeman, Mont. (Montana State Col 

lege) .
Charlottesville, Va. (University of 

Virginia).
Chicago, 111. (University of Chicago and 

U. S. Weather Bureau).
Columbia, S. C. (University of South 

Carolina).
Honolulu, T. H. (University of Hawaii).
Huancayo, Peru (Carnegie Institution 

of Washington).
Montezuma, Ciiilo (Smithsonian Insti 

tution) .

Honolulu, San Juan, Sitka, Tucson, and Ukiah are Coast and 
Geodetic Survey stations; Bozeman, Chicago, and Columbia are 
cooperative stations; Balboa, Charlottesville, Huancayo, Montezuma, 
Pittsburgh, Seattle, and Technology are independent stations. All 
readings are made or revised at the Washington office of the Coast and 
Geodetic Survey except those for Balboa. 
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Summary of instrumental epicenters
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1933

Jan. I.. . ....
Jan. 4 .... __.

Do. ....... .
Do.. __..__.. ...

Jan. 7. .......... .
Jan. 12

Jan. 21........ .
Jan. 24. ....... .
Jan. 27-.--..--..
Feb. 3...
Feb. 18  ...
Feb. 19  .__- 
Feb. 23  .....
Mar. 2

Do-__. ...
Mar. 11.........

Do-
Do   ......

Mar. 14
Mar. 17

Do........
Mar. 18

Do......... ..
Apr. 9  ........ ..

Do    ..._____
Do....-...-.-.

Apr. 16... .... .......
Do. . ...

Apr. 19. .
.Do. ...

Apr. 23

Do.   ...... .
Apr. 27  ...........

Do         
May 1
May 6...     .- ..
- Do.... __..__ ..
May 8-.

Do.... ...
May 11.

May 16
Do-

May 19
May 20
May 30,
June 2.... __-
June 6 .
June 7-. .

Do ....... ..
June 12-.
June 13 . ...

Do--.--._... ..
Do.........

June 18-
Do. . ..

June 19
June 24.
June 25 ___ --------
June 28
June 29
July 9..    .........

Do-
Do.
Do-.-.-._-..
Do... ...........

July 10.... ......... .
Do... ___________
Do   .........

Green 
wich civil 

time at 
origin

h m
8 48.7 
1 24.8 
3 59.6 

21 10. 8

4 06. 6 
1 17.8 

18 02. 0 
19 21.2 
15 39. 1 
22 36. 7 
22 11.8

8 34.7 
8 C9. 3 

17 31.0

9 12.7 
1 54. 1

14 22. 1 
19 32. 7 

1 19.5 
15 55. 5 
19 32. 5 
3 05.3

2 46.7 
3 58.2

6 00.1 
19 16.6

6 44.7 
5 57.6

7 13.9 
2 36. 1 

11 56. 1 
18 49 9
5 33.6

10 33.8 
18 01. 1
19 09. 6

1 12.5 
11 45.3 
17 58. 0 
4 39.0 

11 43.6 
7 38.4 
2 28.8 

11 46. 7 
18 10. 7 
11 26.9

15 23 4 
14 24. 2

22 19. 9 
3 54.1 

21 37. 7 
18 47. 8 
21 54. 6 
20 45. 5 
23 35. 0 

2 32.7 
1 30.0 
5 34.3 
9 28.1

16 07.1
0 21.6

10 33. 2

Region

Pacific Ocean off Lower California. Epicenter by 
Pasadena.

Near Solomon Islands. ------------------------------

erty in northern Japan due largely to seismic sea 
wave.

Destructive at Long Beach, Calif. Epicenter by 
Pasadena.

   do                        -    -.    

Off coast of China                  __      
Destructive on the Island of Kos, off Asia Minor. 

Epicenter by Strasbourg.

  -do                            

.....do   _____--____---_..   ------------------
Aegean Sea. Felt in Bulgaria. Epicenter by Stras 

bourg.

Destructive in south Sumatra, according to Batavia.. 
Damage in western Nevada..   ____ .              

-..-do                             
-.-.do-                          

.do . --------- ...   __.
Off west coast of IVXexieo
Near New Guinea.......   __   _. ___            

Provisional 
epicenter

Lat.

16 S.
26 N. 
61 N. 
28 N.

40 N. 
10 N. 

5 S. 
34 S. 
18 N. 
16 S. 
46 N. 
15 N. 
11 S. 
20. 7 S. 
39 N.

39 N. 
33. 6 N.

42 N. 
27 N. 
37 N. 
56 N. 

6. 5 N. 
63 S. 
14 N. 
39 N. 
18 N. 
19 N. 
34 S. 

3 S. 
52 S. 
24 N. 
36. 5 N.

40 N. 
62 N. 
55 N. 
52 N. 

6 N. 
6 N. 

17 N. 
17 N. 
40 N.

7 N. 
38 N. 

2 S. 
19 S. 
8 N. 

31 N. 
H. 3 N. 
25.2 N. 
40 N. 
16 N. 
65 N. 
61 N. 
15 N. 
40 N. 
61 N. 
15 S. 
38 N. 
60 N. 

5. OS. 
39. O.K. 
53 N. 
53 N. 
45 N. 
17 N. 
45 N. 
44.5 N. 
45 N. 
39 N. 
16 N. 

6 S.

Long.

166 E. 
143 E.
147 W. 
126 W.

143 E.
87 W. 

147 E. 
58 E. 

102 W. 
171 W. 
151 E. 
86 W. 

163 E. 
70. 2 W. 

144 E.

144 E. 
118.0 W.

148 E. 
140 E. 
26 E. 

160 E. 
128 E. 

16 W. 
87 W. 

143 E. 
105 W. 
106 W. 
176 W. 
139 E. 
118 W. 
123 E. 
26. 5 E.

144 E. 
151 W. 
166 W. 
173 W. 
83 W. 
83 W. 

101 W. 
103 W. 
24 E.

97 E.
122 W. 

15 W. 
171 W. 
83 W. 

135 E. 
121.6 E. 
101.9 E. 
144 E. 
86 W. 
25 W. 

155 W. 
97 W. 

144 E. 
150 W. 
172 W. 
142 E. 
150 W. 
104.2 E. 
119.3 W. 
165 W. 
163 W. 
150 E. 
105 W. 
151 E. 
150 E. 
151 E. 
145 E. 
105 W. 
133 E.
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Summary of instrumental epicenters Continued

1933

1933

July 19-. .......... _.
Do       ...
Do   .    
Do..............

July 21. .............
July 22....... .......
July 23. .............

July 31........ ......

Aug. 11.. ...........
Aug. 13... . .....
Aug. 15.... ........
Aug. 20.............
Aug. 25. ............
Aug. 28.... ........

Do..............
Aug. 31.............
Sept. 2. ..
Sept. 6...... .......
Sept. 9_. ............
.Sept. 19. ............
Sept. 24 .. . . .
Sept. 25-_. ----.--..
Sept. 28.. . . .....
Sept. SO.............
Oct. I...............
Oct. 2......... ......

Do-......-.-._.
Oct. 3...............

Do..............
Oct. 10--.....---....

Oct. 12..............
Oct. 14.... . ..-.
Oct. 17---...........
Oct. 25---...-.......
Oct. 27.. ............
Oct. 30  ...........
Nov. 2.. ........ __.,.
Nov. 3. ..._.. _....]_

Do-...   ......
Nov. 5.. . ...........

Nov. 20.... ...... ...
Nov. 21.. ...........
Nov. 22..   ........

Do        
Nov. 23-.,... .......
Nov. 29.. ....... ....

Dec. 12... ... ........

Dec. 14 .. .........
Dec. 15        -

Green 
wich civil 

time at 
origin

ft m 
5 06.6 

10 45. 5
1O OO A

20 07. 0

4 13.2 
18 55.7 
15 22. 5 
0 44.2 
3 02.7 
8 53.7 
9 28.1 
2 57.8 

11 45.3

22 19. 6 
14 52. 7
2 51. 6 

16 41.3 
22 08.5 
21 19. 9 
23 39. 9 
15 19. 6

11 52.6 
14 21. 1 
2 40.6 
9 10.3

15 29.4

3 34.1

7 12.7 
22 19. 1 
13 33. 5 
23 28.3 
10 58.9 

6 59.7 
12 27.0 

4 14.4 
8 41.3

11 57. 2 
7 11.9 

14 05.2 
3 11.3 

23 21.5 
23 48.5 

4 52.0 
12 42.4 
18 57. 7 

5 03.2 
5 17.2 

19 33. 9 
14 11.3

21 23.7 
7 16.7 
7 42.2

Region

..... do..          .         ._..     ____
_...-do  ........................... ...... ._..... _-_.

China-.-.---..----------...------.----....-...-...

Peru..-.--.------ __ ..............................
Minor damage at Los Angeles, Calif. Epicenter by 

Pasadena.

.....do  __     .           _    _       _  
Felt at Montezuma, Chile. Epicenter, by La Paz, 

is in Argentina. 
Chile                     

Venezuela. Felt in Colombia, South America. Ap 
proximately.

... ..do...                          

Near New Guinea. Felt at Rabaul, New Britain 
Islands, East Indies.

Provisional 
epicenter

Lat.

43 N. 
52 N. 
51 N. 
52 N. 
56 S. 
53 N. 
16 S. 
15 8. 
17 S. 

9 S. 
13 N. 
24 N. 
27 S. 
29 N. 
13. 6 N. 
32 N. 
59 S. 

7 S. 
60 N. 
30. 8 N. 
22 S. 
13 S. 
58 N. 
51.5 N. 
38 N. 
41 N. 
2 S. 
7 S. 

33. 8 N.

2 S. 
2 S. 
2 S. 

22. 7 S.

23 S. 
53 N. 
11 N. 
23 S. 
38. 9 N. 
15 S. 
52 N. 
23 S. 
9 N.

8 N. 
0 S. 

33 S. 
16 S. 
73 N. 
8 N. 
9 N. 
6 S. 
8 N. 
8 N. 

53 S. 
47 N. 

5 S.

19 N. 
19 N. 
56 N.

Long.

128 W. 
175 W. 
175 W. 
174 W. 
26 W. 

169 W. 
75 W. 

170 W. 
78 W. 

158 E. 
98 W. 
95 E. 
54 E. 

144 E. 
124.8 E. 
103 E. 
24 W. 
72. 5 W. 

137 W. 
139.3 E. 
179 W. 
167 E. 
137 W. 
176 W. 
85 E. 

126 W. 
140 E. 

75 W. 
118. 1 W.

81 W. 
81 W. 
81 W. 
66.8 W.

70 W.
162 W. 
95 W. 
65 W. 

117.6 W. 
167 E. 
176 W. 

71 W. 
72 W.

72 W. 
83 W. 
70 W. 

167 E. 
69 W. 
83 W. 
82 W. 

150 E. 
84 W. 
84 W. 

161 E. 
144 E. 
151 E.

104 W. 
104 W. 
34 W.



STRONG-MOTION SEISMOGRAPH RESULTS

INTRODUCTION

During the latter part of 1932 the Coast and Geodetic Survey 
inaugurated a program of recording strong ground movements in the 
seismically active regions of the country to furnish engineers and 
architects with requisite data for designing structures to resist earth 
quake forces. This required the development of special instruments 
designed to operate automatically whenever a strong earthquake 
occurred. In the fall of 1934 about 35 assemblies were in operation, 
most of them in California. They have been distributed mostly in 
the Los Angeles and San Francisco Bay regions in structures selected 
for special study by local engineers.

Instruments. Three types of seismometers were developed in addi 
tion to automatic starters and recording apparatus. The plan was 
to operate separate instruments for recording acceleration and dis 
placement, and in addition an instrument of intermediate type. The 
instruments eventually developed are known as accelerographs, dis 
placement meters and Weed strong-motion seismographs. Auto 
matic recording is essential as the cost of continuous operation would 
be prohibitive because of the high paper speeds necessary, and the 
infrequency of strong shocks.

The Wenner accelerometer was developed by Dr. Frank Wenner 
of the National Bureau of Standards, but modifications were made 
by H. E. McComb of the Coast and Geodetic Survey as a result of 
extended experience with them. The original instrument is primarily 
a torsion seismometer in which four strands of wire are used instead 
of one to reduce the violin-string type of vibration. The torsion 
element, which is about 4 inches long, carries a 1-gm mass which is 
essentially a rectangular loop of copper approximately 3 cm in height, 
and 1 cm in length, the latter dimension representing roughly the 
length of pendulum. It oscillates between the poles of a strong 
cobalt steel circular magnet 4 inches in diameter with pole pieces 
especially designed to make the moving element cut a highly concen 
trated magnetic field normal to the lines of force. The normal 
constants are: Period, 0.10 sec.; sensitivity to acceleration, 2% or 3 
cm = 0.1 gravity; static magnification, 110; damping ratio, about 1:01.

In later models the quadrifilar suspension is replaced by a thin 
shaft rotating on pivots and jeweled bearings, the actuating force 
being a helical spring. The instrumental constants are practically 
the same as for the quadrifilar. All accelerographs consist of two 
horizontal components and one vertical, together with self-starter 
and recording apparatus, the entire unit being enclosed in a lightproof 
case.

The automatic recorders for the accelerographs and displacement 
meters were developed at the Coast and Geodetic Survey under the 
direction of D. L. Parkhurst and H. E. McComb. Time marks are 
registered every half second, and on later models provision is made

39
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for synchronous marks on installations in the same building or nearby. 
Recording is photographic with paper speed varying between 5 and 
10 millimeters per second.

The displacement meter was designed at the Coast and Geodetic 
Survey to fulfill the need for an instrument that would record the 
ground displacements of a destructive shock. It was believed at the 
time that a moderately long pendulum of 10-seconds period and unit 
magnification would answer this requirement. This design functions 
satisfactorily for earth wave periods up to 3 or 4 seconds, but beyond 
that range the term displacement meter is not appropriate. It has 
since been learned that long amplitude waves with periods as high as 
15 seconds and over exist in epicentral regions.

The displacement meter consists of two horizontal pendulums, each 
carrying a mass of one pound at a point about 18 inches from the axis 
of rotation. Each boom is supported by a wire suspension, and a 
pivot and steel cup bearing, the boom being constrained so that it 
cannot be thrown off its bearing by a strong shock. The pendulum 
is oil damped, the damping ratio usually ranging between 5:1 and 
20:1. The period is 10 seconds and magnification is close to 1.1. 
Recording is automatic (being actuated by electrical contacts on the 
booms of the pendulums) and photographic, with paper speed close 
to 7 millimeters per second.

The Weed strong motion seismograph was designed by Arthur J. 
Weed of the University of Virginia. The 5- to 7-pound pendulum is 
of the inverted type. It is supported on three stiff vertical wires, 
and damped by means of a perforated cylinder attached beneath it 
which dips into an oil reservoir attached to the base between the 
supporting wires. A unique system of levers records the two hori 
zontal components separately. The record is made mechanically on 
a smoked-glass plate which travels on the instrument frame above 
the steady mass. Operation is automatic. Usually a pendulum 
starting device is used. The pendulum period of the seismometer is 
0.2 seconds, static magnification, 7. The recorder is clock driven. 
The entire unit is compact and self-contained.

Starters consisting essentially of short-period vibrating units were 
found unsatisfactory except at unusually quiet locations because 
relatively small nonseismic vibrations closed the contacts. A starter 
consisting of a simple pendulum about 6 inches long, damped in oil, 
with a make-circuit contact, was finally adopted.

The photographic recorders, which are set in operation by the 
starters, are motor-driven (on batteries). The drums make 1% 
revolutions for each record. On some accelerographs a tape device 
is used.

Foreword on interpretations. In view of the complex nature of 
earthquake movements and the natural limitations of pendulum 
type seismometers extreme precision in the results cannot be expected. 
This statement does not question the efficiency of the installations 
but emphasizes the need for careful reading of the text of the analyses 
rather than accepting without further question the figures tabulated 
in this report.

As a rule, sustained simple harmonic motion is assumed in com 
puting acceleration and displacement when the instruments do not 
record these elements directly. This assumption may introduce 
serious errors, especially when the waves are not of well defined
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sinusoidal character. When displacements are computed from ac 
celerograms the results may be accepted as quite accurate for the 
shorter period waves which are, incidentally, also the smaller ampli 
tude waves. As the periods increase the accelerograph becomes less 
and less reliable as a means of estimating displacement. To appraise 
the value of any estimated displacement one must inspect the record 
and appraise the trustworthiness of the assumption of simple har 
monic motion. When the record is extremely complex it is safer to 
ignore such estimated displacement if the data are to be used as a 
basis for serious studies.

Although all analyses in this report have been made on the assump 
tion of simple harmonic motion, a method of analyzing strong-motion 
records by precise integration has since been developed and it is 
expected that more valuable results will be available after the present 
publication is issued, especially for computations of displacement for 
long-period waves. For this reason the data given here are practically 
reprinted from preliminary reports and do not represent final results, 
although in many respects there will be but little difference between 
them and the results which are expected to be obtained by more 
vigorous treatment.

Units used. Quantitative results are expressed in c. g. s. units; 
centimeters or millimeters for displacement; centimeters per second 
for velocity, and centimeters per second per second for acceleration. 
It is sometimes desirable to express acceleration in terms of the accel 
eration of gravity, indicated by "g", which is equal to 980 cm/sec. 2 . 
For all practical purposes it is only necessary to point off three 
decimal places to convert cm/sec.2 to g.

Sensitivity of the seismographs is expressed as the deflection of the 
trace, or light spot, in centimeters for a constant acceleration of 0.1 g. 
This means that the seismometer pendulum is tilted sideways until 
the effective component of the earth's gravitational field is equal to 
0.1 g or 98 cm/sec. 2 .

The following are constants which may be used in converting 
c. g. s. units to the customary English units:

1 cm = 0.3937 in. = 0.03281 ft.
1 cm/sec. = 0.03281 ft./sec.
1 cm/sec.2 = 0.03281 ft./sec. 2
1 cm = 10 mm.
0.1 g = 98 cm/sec.2 = 3.215 ft./sec.2

Damping ratio of the pendulum is the ratio between successive 
amplitudes when the pendulum oscillates under the influence of the 
damping forces alone.

Seismogram illustrations. Reproduction of seismograms are usually 
tracings of the original record and must not be accepted as genuine 
copies. The illustrations are intended to show the nature of the data 
rather than furnish a means through which the reader may make his 
own measurements. It is realized that the slightest variations in the 
copy can easily lead to misleading conclusions. Those who desire 
true copies for critical study should address the Director of the 
Bureau for further particulars.
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THE LONG BEACH EARTHQUAKE OF MARCH 10, 1933

Epicenter: 33° 34'.5 N., 117 i:> 59'.0 W., about 3k> miles off Newport Beach, Calif., according to Pasadena. 
Time of origin: 5:54 p. in.. Pacific Standard time. Depth of origin estimated at 10 km. Intensity VII-IX.

Summary of strong-motion records

Dis
1 tanc 

Station fron 
epi 

cent

Milt

e Bearing 
i from - Instrument 

i epicenter >

3F J '
i 

s 
7 N. 45° W. | Accelerograph in Public Utilities Building basement. 
3 ' N. 25° W. Accelerograph in Westland Warehouse basement, 
7 N. 26° W. Accelerograph in subway terminal train shed.

NOTE. Descriptions of all stations are given at end of this report.

LOXG BEACH ACCELEROGRAPH RECORD, MARCH 10, 1933

PUBLIC UTILITIES BUILDING

The Long Beach record should be considered in the light of its 
being the first of its kind ever obtained within 20 miles of the point 
of the epicenter of a destructive earthquake. In view of lack of 
experience and previous test by earthquake certain precautions to 
prevent too serious overlap of the records of the different components 
which have since been adopted had not then been taken.

The vertical record has been separated almost in its entirety, sub 
ject to some uncertainty in the high-acceleration short-period portion 
of the record. Otie difficulty is that the high accelerations caused 
such rapid movements of the light spot that only the turning points 
were recorded. In the case of the horizontal records, the light spots 
when at rest were too close together and it is very hard to identify 
the turning points. In the case of the vertical components a peculiar 
twist at the turning points enables them to be distinguished.

Horizontal records. In spite of the complexity of the records 
certain conclusions may be drawn. They are based on the best 
judgment possible and are not so conclusive as those derived from 
other station records on which the components were completely 
separated. Working backward from the end of the principal part 
of the horizontal record into the short period high acceleration por 
tion there appears to be a dominant period of 0.3 sec. If we accept 
this period for the larger movements and trace amplitudes of 7 cm 
(such turning points are visible in the original records at 1 and 4 
seconds from beginning) the corresponding acceleration is 230 cm/sec. 2 
or 0.23 g with an estimated ground displacement (one-half range) of 
0.5 cm. The measured trace amplitude may be seriously in error, as 
it is measured from the position of rest and not from a long period 
wave on which it is undoubtedly superimposed.

The records of high acceleration of short period combined with 
overlapping of the records makes it practically impossible to identify 
waves of large period in this portion of the record. It can be seen, 
however, that certain turning points come in groups wliich seem more 
or less periodic. These may be interpreted as indicating the turning 
points of waves of 1.5 sec. period and examination warrants the esti 
mate that after eliminating the 0.3 sec. period waves, we have a trace 
amplitude of 3 or 4 cm corresponding to a ground displacement of
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6 cm. The corresponding maximum acceleration is about 110 
cm/sec.2 It must be understood that the two accelerations 230 and 
110 cm/sec. 2 must not be added. If these values correctly represent 
the accelerations on one component and since it appears that the

£ 

amplitudes on the two components are not greatly different, there is 
possibility of resultant accelerations 1.4 times as great.

In the part of the horizontal record after the first 8 seconds waves 
of 1.8 sec. appear with 20 to 30 cm/sec.2 acceleration.

Vertical record. This component has been almost entirely identified 
and separated and can, therefore, be discussed in more detail than the 
horizontal. There is considerable uncertainty in the first second. An 
outstanding; feature of the record is that the vertical movements are
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quite comparable to the horizontal. The periods are not the same as 
for the horizontal records but this is also true for the Vernon and 
Los Angeles records. This record may be regarded as made up of a 
train of waves of periods 1.0 to 1.5 sec. with periods of 0.1 to 0.2 sec. 
superimposed. In the vertical component of the Long Beach record 
the latter have great trace amplitude during the first 5 sec., but they 
are highly magnified in comparison with the longer period waves.

The average period of the short-period vertical accelerations is 0.11 
sec. and there is some evidence of others of 0.23 sec. It seems that 
the larger trace amplitudes are close to 4 cm after eliminating insofar 
as possible the effect of the longer period waves. This is the observed 
maximum and it may have been larger in places where the light spot 
apparently went off the sheet.

It should be understood that the records do not give ground dis 
placements, nor were displacement meters operating at the time of 
the earthquake. It is possible, however, to compute displacement 
from the period and acceleration of any sustained harmonic motion, 
and accordingly the ground displacements for earthquake waves 
may be estimated on this assumption, but it must be recognized as 
only a rough approximation. When the period is less than 0.3 sec. 
the trace amplitudes do not give the accelerations directly but the 
latter can be computed.

The short period vertical accelerations at Long Beach compose 
the dominant part of the record insofar as trace amplitude is con 
cerned. There were possibly 25 to 35 vibrations during the first 
5 sec. with average acceleration about 0.7 that of the computed maxi 
mum of 250, or 180 cm/sec.2 These, however, correspond to a com 
puted ground displacement of less than 1 mm. There are scattered 
waves of 0.23 sec. period with computed maximum acceleration of 
80 cm/sec.2

As in the horizontal components the short-period vibration is 
superimposed on waves of about 1.3 sec. period. The maximum 
acceleration for these waves is about 70 cm/sec.2 with a ground dis 
placement estimated at 3 cm. Two such waves are indicated. 
After 8 sec. waves of 1.8 sec. period and 10 cm/sec.2 acceleration 
appear.

In all the records there is evidence of rotary motion, representing 
sudden changes in direction of the waves, which are in turn probably 
due to change in type of the arriving waves.

VERNON ACCELEROGRAPH RECORD, MARCH 10, 1933

WESTLAND WAREHOUSE

Though a little difficult to separate the components it is believed 
that this has been completely accomplished. Short-period waves of 
0.23 and 0.35 sec. and of maximum acceleration of about 100 cm/sec.2 
are found in the first 6 seconds for the horizontal components and in 
the case of the vertical component periods of 0.13 to 0.25 sec. with 
50 cm/sec. 2 acceleration.

The highest acceleration is that of the 0.7 sec. period waves which 
appear to be longitudinal during the first second with maximum 
acceleration of 130 cm/sec. 2 and transverse during the next 2 seconds 
with maximum acceleration of 210 cm/sec. 2 Later waves have 1.5 to 
2.5 sec. period with accelerations of 20 and 30 cm/sec.2 One of the
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waves of 2.5 sec. period apparently corresponds to a maximum ground 
displacement of 6 cm. In the vertical record the prevailing periods 
are 1.0 to 1.4 sec. with approximate maximum accelerations of 30 
cm/sec. 2

The same general types of waves continue throughout the record 
with progressively less amplitude.

I

t Acceleration don

0 100 cm./see.2 
I I I I I I I I I I I 

Average Sensitivity

t Acceleration S 40* W

10 15 20 25
, I . 1,1, I , I.I ,1.1,I.1,I ,1 , I , ! ,1 ,1 ,

LOS AHGEIES, BUBWfcY TEBUHAL JJABCH 10, 1933

t Acceleration down Horizontal
Acceleration

0 . 100.cm./sec.2 
I I I I I I II I I I 

Average Sensitivity

LOUG BEACH 

March 10, 1933

0 ' 5 10 15 0 S
I ,1,1,1,1,1,1,1,1,1.1.1,1,1.1,1,1. 1,1.1.1.1,1.1,

Tracings of original records

FIGURE 4. Tracings of Long Beach and Subway Terminal records, March 10. 

LOS ANGELES SUBWAY ACCELEROGRAPH RECORD, MARCH 10, 1933

SUBWAY TERMINAL TRAIN SHED

The horizontal record has at this distance become the predomi 
nating feature of the record and the duration of the principal portion is 
already greater than at Long Beach. It will be seen from the table
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that while there is wide variation in periods and accelerations the 
prevailing waves are from 1.0 to 2.5 sec. period with maximum accel 
eration of about GO cm/sec. 2 , the latter being associated with waves of 
about 1 sec. period.

It should be noted that while the accelerations are apparently 
small they are all within the destructive range according to the

II ^ AccelAcceleration down

0 100 oo 
Ll 1 I I I I I I I I 

Average Sensitivity

Acceleration S 8* V

VEENOH

MABCH 10, 1933 

Traoings of original records

15 20 25

FIGURE 5. Tracings of Vernon records, March 10.

modified Mercalli scale of 1931. The computed ground displace 
ments are of the order of 3 to 4 cm, but there is one wave of 2.5 sec. 
period with computed ground displacement of 6 cm (one-half range). 
Attention is again called to the uncertainty of these computed ground 
displacements.
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In the first 6 seconds there were 3 waves of about 1.5 sec. period 
with computed ground displacement of 1.5 cm and a group of 6 wraves 
of 0.6 sec. period with computed maximum ground displacement of 
0.5 cm, but in the other portions of the record there is change of 
period throughout.

In the latter part of the record after 20 sec. there are several waves 
of about 4.8 sec. period and acceleration of 6 cm/sec. 2 The probable 
ground displacement is of the order of 4 cm, or 7 cm range.

Summary of strong-motion seismograph results, Long Beach earthquake of Mar. 10,
1933

Station and 
instrument

Long Beach Utili 
ties Building ac- 
celerograph.

Vernon, Westland 
Warehouse ac- 
celerograph.

I/. A. Subway Ter 
minal accelero- 
graph.

Time

Sec. 
0-7+ 
1-4+ 

8+ 
0-6 
0-5

8+

0-1 
0-1

1-2 
1-2

3-15 
3-15

9 
9

3-15 
0-6

0-15 
0-3 
3-(?) 
0-5+ 
0-5+

0-6 
2-6 
5-7 
7-9 
7-9 
9-12 
9-12 

11-18 
12-15 
14-17 
17-21 
19-21 
20-30 
0-10 
2-8 
8-9 
0-10

Trace j Earth 
ampli-| wave 
tudes j period

Cm 
3-4

0.5± 
2.0 
4.0 
2.0± 
0.3±

2.2 
3.0

4.3 
4.3

0.8 
0.8

0.6 
0.8

3

0.9

1.0 
1. 5±

0.8 
1.4 
0.6 
1.2 
1.6

0.5(7) 
1.0 
0.6 
0.7 
0.5 
0.2 
0.7 
0.3 
0.5 
0.4

Num 
ber of 
waves

Sec. 
1. 5 3-4 
0.3 . (i) 
1.8 5(?) 
1. 3±| 2(?) 
0. 11 30 
0. 23 Few 
1.8 5(7)

0.7 1 
0.7 | 1 
0. " :
0.7 
0.7 
0.7
2.5 
2.5 
2.5
1.5 
1.5 
1.5
0.7
0.23 

0.35
1. 0, 1. 4 

1.25 
0.13 
0.25

1.5 
0.62 
0.40 
1.0 

1. 0, 1. 6 
0.4 
0.8 
2.5 
2.5 
1.2 
1.5 
1.5 
4.8 
0. 12 
1.0 
1.5 
0.2

I 
1

3(?) 
3(?)

K?) 
1(7)

(')

2
5+ 
(0

3 
6 
6
2 
1 
6(7)
4 

(?) 
2(?)

2
1+ 
2(7)
(0
4 
1 

(')

Maxi 
mum 

accelera 
tion

Cm/ sec. *
no
230 

20 
70 

250 
80 
10

70 
110 
130 
140 
150 
210 

20 
30 
40 
20 
30 
40

100

30

50 
50

30 
50 
20 
40 
60 
30 
30 
10 
40 
20 
20 
20 

6 
20 
10 
20 
20

Maxi 
mum 
dis 

place 
ment

Cm
6.0 
0.5 
1. 6± 
3. 0± 
.07 
.10± 
.8±

0.9 
1.4 
1.7 
1.7 
1.9 
2.6 
4.0 
4.0 
6.0 
1.0 
1.6 
1.9

0.12

0.8

0.02 
0.08

1.5 
0.5 
0.1 
1.0 

1.5,3.9

2.4 
6.0 
0.8 
1.3 
1. 1 
3.6 
.01 

0.3 
0.9 
0.02

Maxi 
mum 
veloc 

ity

Cm/ sec. 
25 
10 
6 

14 
4 
3 
3

8 
12 
15 
15 
17 
24 
10 
10 
15 
4 
7 
8

3

5

1 
2

6 
5 
2 
6 

9,15

6 
15 
4 
5 
5 
5 

0.5 
2 
4 

0.5

Compo 
nent

NS.-EW. 
--.do---  
.--dO---..
Vertical... 
...do......
-.do.-. 
...do... 

N.-S---. 
E.-W--.. 
Resultant . 
N.-S---
E.-W.-__. 
Resultant.
N.-S ..... 
E.-W.._- 
Resultant-
N.-S-   .
E.-W-..- 
Resultant.
NS.-EW..

-_do..._-

-_do _..._
Vertical... 

.- do......

...do_-__..

...do......

NW. _ ..
NE...-  
NW... ..
  do... 
NE_._   
NW......
NE...  
NW.--..
NE. ......

...do......
NW......
NE.._   
NW_._  
NW.,NE_ 
Vertical.  
--do...... 
 _ do..,.-

Remarks

Read text care 
fully. Hori 
zontal compo 
nents cannot be 
separated on 
seismogram . 
Part of record 
lost.

Longitudinal. 

Transverse. 

Complex.

Only a few large
waves. 

Insignificant.

Doubtful.

1 Many.
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Instrumental constants at time of earthquake of Mar. 10, 1933

1933

Station and instrument

Los Angeles Subway Ter 
minal accelerograph.

Orientation of instru 
ment

S. '-X. .............. ..
W.-E___ ............ __

N. 8 E.-S. 8 W. ......
E. 8 S.-W. 8 N. ......

N. 51 W.-S. 51 E.._. . 
N. 39 E.-S. 39 W_._._

Pendu 
lum 

period

Sec. 
0.105

. 105

.097

. 100

. 104

.096 

.OJ8 

. 102

Static 
magnifi 
cation

129
129
112

123
119
120

126 
103 
103

Sensi 
tivity

Cm 
3.08
3. 17

3.26
2.82

3.18 
2.66 
2.63

Damping 
ratio

6:1
6:1

(2)

(2)
10:1
15:1

20:1 
10:1 

( 2)

Instru 
ment 

number

L4Q
T17Q
V30Q

LCQ
T19Q
V29Q

L10Q T23Q- 
V36Q

1 The direction on the left ("S" in the first case) indicates the direction of pendulum displacement, 
relative to instrument pier, which will displace the trace upward on the original seismogram.

2 Critical.

THE SOUTHERN ALAMEDA COUNTY EARTHQUAKE OF MAY 16, 1933

Tentative epicenter: On or near the Hayward Fault, near Niles

Summary of instrumental reports: It was recorded at only one strong-motion seismograph station on the 
Suisun Bay Bridge of the Southern Pacific Railroad, near Martinez. The bridge is about 35 miles north 
and slightly west of the epicentral region

SUISUN BAY BRIDGE ACCELEROGRAPH RECORD, MAY 16, 1933

The longitudinal and transverse records do not synchronize to any 
appreciable extent as would be expected in the case of a structure 
with nearly similar dynamic characteristics in all horizontal planes of 
vibration. The oncoming waves are off the ideal "end-on" orienta 
tion of the pendulums by about 20°. This would indicate that the 
widely different vibration characteristics of the bridge in its longi 
tudinal and transverse directions practically control the character of 
the record and it is to be expected that the free periods, longitudinal 
and transverse, influence the record greatly in the form of resonance. 
The free vibration periods, however, have not been measured so that 
the assumption of resonance is open to further verification. Some of 
the periods probably represent overtones.

On the component which is longitudinal with respect to the bridge 
the waves for the first 5 sec. are complex and of relatively small 
amplitude. Periods of 0.25 sec. (acceleration 10 cm/sec.2 , displace 
ment 0.2 mm) and 0.52 sec. (acceleration 7 cm/sec.2, displacement 0.5 
mm) dominate. At 6 sec. the maximum waves arrive, period 0.80 
sec., acceleration 18 cm/sec.2 , displacement 0.29 mm. These in all 
probability indicate the arrival of a new group of seismic waves.

On the transverse component the wave group recorded during the 
first second started the recorder. The period is 0.45 sec. (accelera 
tion 23 cm/sec.2 , displacement 0.11 mm). The great majority of 
waves are between 0.45 and 0.50 sec. period but there are a few 
distorted waves around 0.8 and 0.9 sec. The accelerations and dis 
placements are all less than in the first waves on this component. 
The activity lasted about 1 minute.

Instrumental constants are identical with those listed for the earth 
quake of June 25, 1933. The quantitative instrumental results are 
not tabulated.

The vertical component accelerograph trace is straight indicating 
that free pendulum movement was obstructed.
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THE WESTERN NEVADA EARTHQUAKE OF JUNE 25, 1933

Epicenter: 39°05' N., 119°20' W., near Wabuska and Yerington, Nev.

Time of origin: 12:45 p. m., Pacific standard time, or 13:45, Mountain time. Intensity VII

Summary of instrumental reports

Station 1
Distance 

from 
epicenter

Miles 
183

1Q1

191

172

Bearing from 
epicenter

S. 50° W. .........

S. 63° W. .........

S. 63° W..  -.-

S. 67° W-...  ...
q jc.o -m

Instruments

Bank of America Building.

ern Pacific Building.

Shell Building. Extremely weak record.

road bridge near Martinez.

weak and badly fogged.

1 Descriptions of all stations are given at end of this report.

THE SAN JOSE ACCELEROGRAPH RECORD, JUNE 25, 1933 

BANK OF AMERICA BUILDING

One accelerograph was operating in the basement; a similar set 
was operating on the thirteenth floor, all of them with pendulums 
oriented square with the sides of the building. The starter on the 
thirteenth floor undoubtedly was responsible for starting both instru 
ments simultaneously but there was a lag of possibly 0.2 sec. in the 
starting of the basement instrument due to a connecting relay. The 
time marks were made by two clocks of similar type operating 
independently.

The orientation of the pendulums with respect to the epicenter is 
fortunate in that the waves are recorded nearly "end-on"; that is^ 
the pendulums recording northeast to southwest motion record waves 
of longitudinal type almost exclusively, while the others record waves 
of transverse type. The pendulums depart from the ideal orientation 
about 10°.

When the term "rotary motion" is used in the following paragraphs, 
it should be interpreted as irregular rotation without change of sur 
face orientation or twisting. When waves of longitudinal and trans 
verse types overlap, this type of motion results. Both certainly exist 
and frequently overlap.

Basement record

At the onset the motion on the south 60° west component is irreg 
ular and relatively weak. There are poor indications of 1.3 and 2.0 
sec. periods with acceleration of 2.5 cm/sec.2 and estimated displace 
ment 1.1 mm and 2.5 mm, for the 2 periods respectively. The other 
horizontal component starts off even weaker, with an indefinite 
period estimated at 2.8 sec., registering an acceleration of 1.8 
cm/sec.2 , corresponding to an estimated displacement of 3.5 mm. The 
northeast-southwest registers waves which are largely of longitudinal 
character, while the northwest-southeast registers mostly transverse 
waves.

From the 5th to 12th sec. the waves increase to a maximum 
acceleration which is 4.7 cm/sec.2 on the southwest component and



50 COAST AND GEODETIC SURVEY 1933

2.5 cm/sec. 2 on the vertical. Their phase relation indicates a motion 
of rotary character in the vertical-longitudinal plane although some 
rather strong activity on the transverse component tends to distort 
it. The period is 1.6 sec. Estimated displacement on the south 
west component is 3.0 mm; on the northwest 1.6 mm. In the end

gs-1
to 01

J «?
rH

portion of the maximum group the motion evidently becomes more 
linear but still persists in the longitudinal plane.

There is no activity of special significance in the end portion of 
the record but evidently enough, at times, to build up the natural 
oscillations of the building which were recorded on the thirteenth 
floor. See the record at 19 sec. for instance.

Vertical accelerations are of the same character as the horizontal 
but only about two-thirds the magnitude.

The resultant horizontal accelerations have been plotted for com 
parison with similar curves obtained from the thirteenth floor record.
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Thirteenth Floor Record

The directions and magnitudes of the major horizontal movements 
are listed in the tabulation of instrumental results and are also 
shown in the curves of resultant horizontal accelerations drawn for 
comparison with the basement record. The outstanding feature is 
the record of the building oscillating in one of its fundamental free 
periods with about seven times the motion recorded in the basement.

(a)

13th Floor j Pendulum displacement upward (b)

Basement 
0 sec. 5 10 15

f Pendulum displacement upward 
I 20 as 3C30

(O

13th Floor
«x  *^~- 
Basement

13th Floor

V V v l(

| Pendulum displacement N 60 E 

Pendulum displacement S 60° W

(e)

1 Pendulum displacement S 30° E(f)

Basement

I FIRST HALF OF

Pendulum displacement N 30° W

FIRST HALF OF RECORD

(a)

LAST HALF OF RECORD*              

(b) Pendulum displacement upward

40 45

t Pendulum displacement upward 

50 55 60

| Pendulum displacement N 60° E

(e)/ * 

(t)

0 100 cm./sec.2 1 Pendulum displacement S 60° W 
I I | I 1 I I I llj 

Average Sensitivity

Pendulum displacement S 30° E

San Jose

| Pendulum displacement N 30° W 

Bank of America Building
Accelerograms **** 25 ' 1933

FIGURE 7. San Jose seismograms of June 25.

The period in the plane of vibration parallel to Santa Clara Avenue 
measures 1.68 sec. The other fundamental period is masked by the 
greater magnitude of the longitudinal types of earthquake waves 
which struck the building practically end-on. Transverse move 
ments are relatively weak. The resultant movements of the thir 
teenth floor are consequently of elongated elliptical character, the
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greatest resultant acceleration being about 33 cm/sec.2 , with corre 
sponding displacement estimated at 2.3 cm or 0.9 inch.

There is evidence in the records that ground wave periods close 
to the free period of the building were responsible for the larger 
vibrations of the thirteenth floor. Until the building periods are 
definitely measured there is, however, always a possibility that a 
dominant ground period may be involved, but this seems improbable.

Too rigid an analysis cannot be made of the relation between the 
basement and thirteenth-floor movements because of an unknown 
lag in the basement relay, supposed to be of the order of 0.2 sec. 
The time marks also were not simultaneous on the two recorders, 
thus introducing additional uncertainty. These facts must also be
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CDnsidered in appraising the precision with which the resultant 
curves of horizontal acceleration are drawn.

SAN FRANCISCO ACCELBROGRAPH AND DISPLACEMENT METER RECORDS,
JUNE 25, 1933

SOUTHERN PACIFIC BUILDING

The two installations named in the above title were located in 
the basement of the Southern Pacific Building. The records are 
quite weak and require no exhaustive treatment for the present 
purpose. The accelerograph pendulums were oriented 45° to the 
meridian and normal to it, but the displacement meter pendulums 
were in the meridian and prime vertical. This makes intercom- 
parison of the records difficult.

Accelerograph record

There is one predominant type of wave on the record and practically 
nothing more. It is a smooth sinusoidal wave of 1.1 sec. period with 
acceleration of 2 or 3 cm/sec.2 The resultant maximum displacement 
is about 0.8 mm, the motion changing from linear to circular from 
time to time. After 60 seconds the record shows very little activity. 
There is practically no activity on the vertical component.

The record resembles the type which might be expected on an 
ordinary seismograph designed to record weak distant shocks. It is 
not known whether the recorded period of 1.1 sec. is the natural 
period of the building or simply an earth wave forcing the building 
to vibrate in the period of the wave. Building vibration observa 
tions, now contemplated, will settle this point.

Displacement meter record

In the early part of the record the 1.1 sec. waves recorded so 
clearly on the accelerograph are reproduced. The estimated accelera 
tions and amplitudes as deduced from both types of instruments 
agree quite closely. In the latter part of the displacement meter 
record, however, there are well-defined waves of 6.7 sec. period with 
resultant amplitudes of 1.1 mm, corresponding to accelerations of 
only 0.1 cm/sec.2 The latter figure explains why these waves are 
not visible on the accelerometer record. They are discernible on 
the displacement meter record for about 2 minutes. The longer 
period waves are undoubtedly true earth wave periods.

SAN FRANCISCO STRONG-MOTION SEISMOGRAPH (WEED) RECORDS,
JUNE 25, 1933

SHELL BUILDING

Strong-motion seismograph records (on smoked glass) were obtained 
in the basement and on the twenty-eighth floor of the Shell Building. 
The basement record shows no deflection of the trace whatever.

The record on the twenty-eighth floor shows about 30 waves of 
sinusoidal type. Maximum trace amplitude is 0.2 mm, which cor 
responds to an acceleration of approximately 3 cm/sec.2 , and dis 
placement of 4.3 mm. These waves have a period close to 2.4 sec., 
and during the first 30 sec. are much more prominent on the east- 
west component. The north-south component later records a short
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series of 1.0 sec. waves of considerably smaller acceleration and 
amplitude.

For such small trace amplitudss, friction of ths writing pen on the 
smoked glass makes the above figures (except those for period) sub 
ject to relatively large errors. There is theoretically a zone about 
0.5 mm wide in which the restoring force of the pendulum is not 
sufficient to overcome the friction of the writing stylus.

SACRAMENTO ACCELEROGRAPH RECORD, JUNE 25, 1933

FKDERAL BUILDING

The onset of the record is lost through fogging of the trace but a 
few figures can be given to illustrate the magnitude of the movements. 
The outstanding feature is the irregular character of the waves. In 
the early part of the record a long period wave of about 1.8 sec. is, 
relatively prominent and continues so throughout the active portion. 
Its trace amplitude is about 0.7 mm, or 2.5 cm/sec. 2 , corresponding 
to a displacement of 2.0 mm. These waves are almost obscured by 
smaller waves ranging from 0.25 sec. to 0.40 and 0.50 sec., the former 
period being quite prevalent in the earlier part of the record. Accel 
eration in the shorter period waves does not exceed 2 cm/sec. 2 ; 
corresponding displacements are not more than 0.1 or 0.2 mm.

Amplitudes on the vertical are only about one quarter of those on 
the horizontal component. After 40 sec. the disturbance practically 
ceases.

SUISUN BAY BRIDGE ACCELEROGRAPH RECORD, JUNE 25, 1933 

SOUTHERN PACIFIC RAILROAD NEAR MARTINEZ

The accelerograph pendulums are mounted to record motion 
parallel and transverse to the tracks. Although the epicenter is. 
approximately north 65° east, which is normal to the direction of the 
bridge, practically all of the recorded motion was parallel to the 
tracks. The bridge is directed north 31° west.

The northwest component records a series of fairly smooth sinusoi 
dal waves lasting a little over a minute. Their period is 0.77 sec., 
acceleration of the first 4 waves 6 cm/sec.2 , and estimated displace 
ment 0.9 mm. About 25 sec. after the onset a small group of waves 
of about 0.67 sec. period emerges. After 70 sec. there is no appreciable 
activity.

The movement transverse to the tracks is weak and indefinite, 
being punctuated by frequent intrusions of waves of about 0.5 sec. 
period and insignificant amplitude. Between 25 and 30 sec. a smooth 
wave of 1.7 sec. period emerges, having an acceleration of 1 cm/sec. 2 , 
and an estimated displacement of 0.7 mm. A weak but otherwise 
similar group appears later in the record. At the beginning there is 
some evidence of a 2.7-sec. wave, but it is masked by sliorter period 
tremors.

The vertical component was obstructed.
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Summary of strong-motion seismograph results, western Nevada earthquake of
June 25, 1933

Station and instrument

San Jose Bank of Amer 
ica basement accelero- 
graph.

ina thirteenth floor ac- 
celerograph.

San Francisco Shell

mograph.

Suisun Bay accelero-

Paciflc Railroad 
bridge.

Time

Sec. 
0-5 

0-12 
7,11
5-12 
5-12

12-15 
12-15
12-15

0
0- 5 
6- 7 

13 
25 
33 
39 
47 
57 
63

0- 1
0- 1
0- 1
4

15

0- 1
  4
14
90
90

0-85
62-77

0-60 
25
25-30

Earth 
wave 
period

Sec. 
f 1.3 1 
I 2.0 / 

2.8? 
1.6
1.6 
1.6
1.5 
1.5
1.5

1.6
1.6 
1.6 
1.68 
1.65 
1.6 
1.5 
1.5 
1.5 
1.5

1.1
1.1?
1.1
1.1
1.0

1.1
1.1
1.2
6.7
6.7
6.7

2.4

1.8
0.25

. 40-. 50

.77

1.7

Maxi 
mum 
accel 

eration

Cm/sec. 2 
0.25 
1.8 
(?)
4.7
2 e

3.6
1 ft

4.0

8 
6 

33 
17 
15 
6 
6 
6 
2

2
2
3
2
1-

3+
2
1
1-
1-
.1

3
(?)

2
2

6

1

Maxi 
mum 

displace 
ment

Cm 
( 0.11 
I .25 

-35(?) 
(?)

.30 

.16

.20 

.10

.23

.08

.52 

.38 
2.32 
1.15 
.96 
.33 
.36 
.33 
.13

.06

.05

.08

.06

.03

.10

.06

.05

.10

.04

.11

.43
(?)

.20

.02

.09

.07

Component

S. 60° W.-N. 60° E__

N. 30° W.-S. 30° E__ 
   .do..--      
S. 60° W.-N. 60° E__

S. 60° W.-N. 60° E__

N. 60° E.-    .....
S. 60° W.-N. 60° E__ 
S. 25° W.-N. 25° E- 
S. 75° W.-N. 75° E_. 
S.95° W.-N. 95° E-. 
S.60° W.-N. 60° E_. 
N. 80° W.-S. 80° E__ 
S. 60° W.-N. 60° E.. 
N. 65° W.-S. 65° E- 
S. 15° W.-N. 15° E-.

SE.-NW.. ..........
SW.-NE. ...........

SE., SW_. ..........
  ..do..---   -----

EW._ ...............
NS., EW-    .   
.....do  --      
EW.... --        
NS-.   ..--   -.

N. 31° W.-S. 31° E..

N. 59° E.-S. 59° W._

Remarks

From 15 to 25 seconds
I activity continuous 

with diminishing in
tensity.

These are directions of 
resultant accelera 
tions; not compo 
nents.

A similar Weed seis-

measurable activity. 

{Instrument in base-

Parallel to tracks.

Transverse to tracks.
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Instrumental constants at time of earthquake of June 25, 1933

1933

Station and instrument

graph.

Cisco, basement accelerograph.

Shell Building, San Francisco, sub-

Shell Building, San Francisco, twenty-

Orientation of 
instrument

S. 60° W.-N. 60° E..._ 
N. 30° W.-S. 30° E..._

N. 60° E.-S. 60° W____ 
S. 30°E.-N. 30° W....

S. 45° E.-N. 45° W_... 
S. 45° W.-N. 45° E_...

E-W. .................
S-N....... ............

N. 82° E.-S. 82° W___- 
N. 8° W.-S. 8° E-_.._

N. 82° E.-S. 82° W.... 
N. 8° W.-S. 8° E-.-___

S. 60° W.-N. 60° E_... 
N. 30° W.-S. 30° E..__

Pen 
dulum 
period

Sec. 
0.10
.10 
.10

.10

.10 

.10

.10

.10 

.10

10.
10.

.19

.19 

.19

.10

.10 

.10

Static 
magni 
fication

118
119 
122

112
111 
117

119
120 
122

1.1
1. 1

6.5 
6.5

6.5 
6.5

(120)
(120) 
(120)

Sensi 
tivity

Cm 
2.89
2.91 
2.95

2.74
2.72
2.87

2.92
2.94 
2.99

.65 

.65

.65 

.65

(*) Q[\\

(2. 80) 
(2. 80)

Damp 
ing 

ratio

15
15
(')

(2)
( 2 ) 
15

36
11 
20

10±
10±

(3) 
( 3 )

(3) 
(3 )

(20:1)
(20:1) 
(20:1)

Instru 
ment 
no.

V39Q
L13Q 
T26Q

V27P
L22P 
TIP

V31Q
L5Q 

T18Q

R18
L18

R4 
L4

R2 
L2

V^aO
L9Q 

T22Q

1 The direction on the left ("up" in the first case) indicates that direction of pendulum displacement , 
relative to the instrument pier, which will displace the trace upward on the original seismogram.

2 Critical.
3 No damping.

THE SOUTHERN CALIFORNIA EARTHQUAKE OF OCTOBER 2, 1933

Epicenter: 33°47' N., J18°08' W., according to Pasadena. Near Signal Hill about 3 miles northeast of Long
Beach

Time of origin: 1:10 a. m., Pacific standard time, or 9:10 a. m., Greenwich civil time. Intensity VI 

Summary of instrumental reports

Station 1

Terminal Building.

of Commerce.

Dis 
tance 
from 
epi 

center

Miles 
3

15

17
19

19

22

24

25

Bearing from epicenter

S. 55° W. .............
N. 10° W..... .........

S. 80° E_-_ ...........
N. 18° W   ...........

N. 18° W..... ..... ._

N. 35° W. .............

N. 30° W  ... ........

N......-......   .....

Instruments

Los Angeles.

shed.

Los Angeles.

Hollywood Storage Building.

fornia Institute of Technology.

1 Descriptions of all stations are given at the end of this report.
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LONG BEACH ACCELEROGRAPH RECORD, OCTOBER 2, 1933 

PUBLIC UTILITIES BUILDING

The outstanding feature of the horizontal movement is the- pre 
dominance of short-period waves ranging from 0.1 to 0.2 sec. Longer 
Eeriod waves are strongly in evidence but they can be analyzed only 

y eliminating the large superimposed short-period waves and in this 
process a certain amount of uncertainty enters.

A wave of 0.50 sec. period is strongly in evidence on the east- 
west component during the first 2 sees, of operation. The trace 
amplitude is estimated at 6.0 mm, corresponding to a maximum accel 
eration of 25 cm/sec. 2 , and ground displacement of 1.6 mm. These 
waves cannot be distinguished on the north-south and vertical com 
ponents.

Waves of 0.12 sec. period are most prominent on the east-west 
record. If we accept 10 mm as the maximum trace amplitude of the 
largest of them, the corresponding ground displacement is 0.25 mm 
and acceleration 70 cm/sec.2 It is difficult to combine the two hori 
zontal components because of the short time scale, and the maximum 
resultant acceleration is consequently in doubt. Considering, how 
ever, that these short-period accelerations are superimposed on the 
longer period 0.5 sec. period waves it seems quite safe to say that the 
resultant acceleration may easily have reached a value of 100 cm/sec. 2 
in a few instances with corresponding estimated maximum displace 
ment of 1.9 mm.

On the vertical component the prevailing period is close to 0.15 sec. 
with corresponding estimated displacement of 0.19 mm and accelera 
tion of 35 cm/sec. 2 . Periods of 0.19 sec. are quite frequent on the 
record but are apparently not involved in the maximum motion.

In the latter part of the record there are a few waves of 0.3 sec. 
period and weaker ones of 0.4 and 0.5 sec. but they are unimportant 
as compared with the larger movements recorded in the early part of 
the record.

VERNON ACCELEROGRAPH RECORD, OCTOBER 2, 1933 

WESTLAND WAREHOUSE

Motion during the first 2 seconds is extremely complex. It is 
difficult to measure acceleration by direct methods because some of 
the periods are less than 0.3 sec. and the instrument ceases to function 
as an accelerograph. One will not go far astray, however, in simply 
looking upon the smaller periods as indicating accelerations which 
are somewhat too high. The maximum readings are not seriously 
involved.

Although the smallness of the time scale makes it difficult to com 
bine the two horizontal components with any high degree of precision 
the attempt was made in order to obtain a good representative value 
of the maximum acceleration. The curve also indicates in a fair way 
the outstanding characteristics of the motion.

The maximum horizontal acceleration is close to 130 cm/sec. 2 . It 
is almost entirely rotational in character, being marked by sharp 
reversals in the direction of rotation. The average period of rotation 
indicated by the loops on the resultant curve is 0.28 sec. The
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estimated displacement is 2.6 mm. See the last paragraph of the 
Vernon analysis for estimate of maximum displacement.

The nature of the resultant curve is such that there are superficial 
loops which might be interpreted as complete cycles of more or less 
definite period, but with centers of rotation badly displaced from

0 100 cm./sec. 
I I I I I I I I 1 I I

I i i Acceleration B 8° S 

^f^fll^

Los Angeles, TERROR, C.M.D. 

Epicentre! distance 15 miles

October 2, 1933

 f Pendulum up relative to pier

0 seconds 10 15 20

Pendulum south relative to pier

0 100 cm./sec.2
I I I I I I I I I I I 

Average bansitivity

t Pendulum west relative to pier

LONG BEACH 
Spicentral distance 3 miles

FIGURE 9. Long Beach and Vernon seismograms, October 2.

normal. They have periods of 0.15 sec., corresponding to periods- 
indicated in irregular manner on the original gram, and accelerations 
roughly one-half the maximum already stated for the horizontal 
components.

On the vertical component there are a few long period waves of 0.45 
sec. with maximum acceleration of 13 cm/sec. 2, and estimated ampli-
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tude of 0.7 mm. On it are superimposed numerous waves with periods 
ranging from 0.13 to 0.15 sec., with acceleration and displacement 
estimated at 35 cm/sec.2 and 0.2 mm, respectively. The instrument 
does not function as an accelerograph for these periods. As the above 
values are additive, resultant maximum values of 50 cm/sec.2 for verti 
cal acceleration and 0.9 mm for vertical displacement are obtained.

It is interesting to note that the shorter period waves have their 
counterpart on the horizontal component but are less clearly defined 
because of the greater amplitude of waves of longer period.

After the first few seconds, waves of the periods already mentioned 
are outstanding but of smaller magnitude. After 5 sec. the large dis 
placements must undoubtedly be associated with complex movements 
having periods approximating 1 sec. It will suffice at this time to 
state that the maximum slow movement displacements in all probabil 
ity exceeded the values listed for the shorter period waves during the 
first few seconds. One conservative approximation of the maximum 
displacement is 3.5 mm. It is for activity of this kind that the dis 
placement meter finds its greatest usefulness. The accelerations 
indicated during these movements are relatively unimportant.

SANTA ANA STRONG-MOTION SEISMOGRAPH RECORD, OCTOBER 2, 1933

COURTHOUSE

The shock was recorded on the Weed strong-motion seismograph, 
but the records are so weak that little would be gained by attempting 
a detailed analysis. From casual inspection the displacements are all 
less than 0.1 mm and acceleration less than 10 cm/sec. 2

As in the case of the Los Angeles Chamber of Commerce record, the 
0.2 periods dominate. Periods close to 0.4, 0.5, and 0.6 sec. are in 
evidence in the end portion of the record. The instrument was prac 
tically undamped and this accounts for the prominence of waves of 0.2 
sec. period.

LOS ANGELES SUBWAY TERMINAL ACCELEROGRAPH AND DISPLACEMENT 
METER RECORDS, OCTOBER 2, 1933

SUBWAY TERMINAL TRAINSHED

Accelerograph record

The outstanding feature is the magnitude on the accelerogram of 
the first impulse which, on the northwest component, is several times 
the amplitude of the traces immediately following. It is unfortunate 
that on the other horizontal component, the northeast, this first move 
ment was lost entirely, although a diligent search was made for it on 
the original record. If we assume that the movement was simple 
harmonic, also that the extreme displacement of the spot from normal 
corresponds to the maximum displacement of the simple harmonic 
wave, then the period of the wave would be about 0.4 sec. If, how 
ever, the extreme swings of the simple harmonic wave are represented 
by the first two turning points visible on the record, the period would 
be near 0.2 sec. This seems the more probable value. At the begin 
ning of the record there is always danger, of course, that the drum may 
not be rotating at a uniform rate and another possible source of error 
is introduced. It seems in any event that the period of the waves is
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over 0.2 sec. so that the trace amplitude represents substantially 
relative acceleration as compared with the longer period waves. It is 
significant that the damping is advantageously adjusted in the 
instruments, also that waves of 0.2 sec. period are very prominent at

Acceleration up

seconds 5 10 15 20 25

I Acceleration H 51° V

0 100 cm./sec.2 
I I I I I I I I I I I 

Average Sensitivity

Acceleration K 39° E

Los Angeles

SUBWAY TEBMINA1 
Eplcentral distance 19 miles

October 2, 1933

012 cm. 
I I I 1 I

t Displacement S 6° E

0 seconds 5 15 20 

t Displacement V 6° S

25

SUBWAY TERMINAL

FIGURE 10. Subway Terminal seismograms, October 2.

the start of the northeast component record. The best judgment, 
therefore, is that for at least a single impulse, the acceleration was 
75 cm/sec.2 on the northwest component alone. The corresponding 
displacement for a wave of 0.2 sec. period is 0.7 mm.

Although the first impulse is lost on the northeast component, some 
possibilities may be discussed to advantage. It is noted that for a
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half second after recording began the approximately 0.2 sec. period 
waves on the northeast component have about one-third greater 
amplitude than those on the northwest, which would indicate an 
acceleration of 100 cm/sec. 2 on the former. This would make the 
resultant acceleration 125 cm/sec. 2 , corresponding to a displacement of 
1.2 mm. This appears to be a conservative estimate. Another 
estimate based on the direction of the earliest resultant movements 
would double the amplitude of the first northeast impulse as compared 
with that of the northwest resulting in a final value of 170 cm/sec. 2 . 
While this is obviously high it may be accepted as a possibility. Its 
short duration is significant if the high acceleration is judged in terms 
of destructiveness.

The highest resultant horizontal acceleration in the remaining part 
of the record is 55 cm/sec.2 in a general northeast-southwest direc 
tion. It occurs during the first half second of recording with a wave 
period estimated at 0.35 sec. and corresponding estimated displace 
ment of 1.7 mm.

An outstanding period during the first second is 0.13 sec. with result 
ant accelerations and displacements probably not exceeding 25 cm/sec. 2 
and 1.0 mm, respectively. They are stronger in the northeast- 
southwest direction. 0.30 sec. periods are prominent, especially on 
the northwest-southeast component but do not appear to be associ 
ated with the larger movements. 0.40 sec. periods approaching 0.5 sec. 
are responsible for a large part of the complexity of the records. 
Within the first 1.5 sec. of recording a movement of this type on the 
northeast-southwest component measures 30 cm/sec. 2 with estimated 
displacement of 1.2 mm.

In the range of the longer periods an oscillation of about 1.2 sec. 
period is noted on the northwest component immediately after the 
start of the record. Maximum acceleration is about 4 cm/sec. 2, 
corresponding to an estimated displacement of 1.5 mm more or less.

About five seconds after the beginning there are slow movements 
with resultant amplitudes reaching maximum values of about 20 
cm/sec. 2 . It is difficult to estimate the magnitude of the ground 
movements on the assumption of simple harmonic motion because of 
the irregularity of the trace. It is sufficient to state that after 
several attempts to break the curve into waves of equivalent simple 
harmonic type, the deduced displacements amounted only to about 
one half the maximum recorded on the displacement meter.

On the vertical motion record the first impulse is again the maxi 
mum amplitude on the gram, also maximum acceleration, which is 
27 cm/sec.2 . The period is estimated at 0.2 sec. (as in the horizontal 
components) from which a displacement of 0.3 mm is deduced.

During the first few seconds, periods of 0.20 sec. are outstanding 
with maximum acceleration (ignoring the first impulse) of 16 cm/sec.2 , 
and corresponding estimated displacement of 0.15 mm. In the later 
portion of the record periods of 0.35 to 0.5 sec. play a prominent part, 
but the accelerations gradually decrease from the value of 16 cm/sec. 2 
just stated.

A series of successive peaks on the vertical record shows the pres 
ence of a wave of about 0.88 sec. period which can be followed for 
about 5 sec. after the start of the record. Its maximum acceleration 
is probably not more than 6 cm/sec.2 . Its upward peaks correspond 
to crests on the northwest component and troughs on the northeast
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so that the probable type of motion may be defined as an elliptical 
motion in a vertical plane, directed west by southwest, with motion 
of the particle contraclockwiss as viewed from the south.

Displacement meter records

Critical interpretation and analysis is handicapped by failure of 
the time-marking mechanism to operate. Also, the horizontal com 
ponents of the accelerograph and displacement meters are oriented 
45° with respect to each other so that none of the traces can be used 
for direct intercomparison. Both accelerograph and displacement 
meter were operated by the same starter, but again there is difficulty 
in reconciling the first movements deduced from one set of instru 
ments with the data revealed on the other, largely because of lack of 
synchronous time control and other operating difficulties, all of which 
are being gradually overcome.

There is some evidence that the first impulse which is so prominent 
on the accelerograph record is recorded also on the displacement 
meter as the first movement, but this cannot be accepted as definite 
because it is impossible to synchronize the first movements recorded 
on the two components of the displacement meter. It appears that 
an unknown lost motion factor is involved in one of the displacement 
meter drums. One interpretation is that of the first earth move 
ment recorded is a displacement of about 1.8 mm from west to east 
toward the initial position of rest. 1.4 mm or more was estimated as 
a possible maximum from the accelerograph record.

Although it is difficult to list the various periods with any degree of 
assurance because of the complex nature of the record, a few are 
estimated. The greatest displacement appears to be associated with 
a period of about 1.4 sec. There are numerous superimposed waves 
of 0.5 sec. or less and occasionally one of 1.0 sec., but they seldom 
reach displacements as high as 1.0 mm. The maximum resultant 
displacement of the 1.4 sec. wave is 8.5 mm and takes place in a 
direction roughly north 10° east at about 5 sec. after the start of 
the record. The motion is so irregular that it seems unwise to 
assign a definite period to it, although an estimate has been given.

A feature of the displacement records is the presence of a wave of 
about 5 sec. period. As the accelerations and displacements are 
relatively unimportant it seems only necessary here to state that the 
motion of the earth particle is roughly about north 30° east and 
south 30° west in the earlier part of the record and nearly east-west 
in the latter portion. The motion is not strictly linear. In the end 
portion of the records there are waves of 2.5 sec. period with rather 
unstable directional characteristics.

LOS ANGELES CHAMBER OF COMMERCE WEED SEISMOGRAPH RECORD,
OCTOBER 2, 1933

EXHIBITION HALL

At the time of the earthquake the pendulum damping apparatus 
had not been installed and the record is consequently featured by 
large trace amplitudes of waves having a period corresponding to 
that of the pendulum, namely, 0.22 sec. A rough estimate of the 
effective damping, determined from free recorded vibrations (damp-
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ing ratio 1.3 to 1.0) results in an estimate of 1.0 mm or slightly more 
for the maximum displacement. This is verified roughly by the 
first impulse on the record (which should not be greatly affected by 
resonance) which is about one-fourth the amplitude of the waves at 
their maximum. There will, nevertheless, always be some uncer-

| Acceleration up
*[WtTty\\dlWlJ+~^ty*(/*&Afi^^    -w^-v-v^^^V-^- *-s-~^  -  

0 100 cm./sac.^

0 seconds
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10 15 20 
| Acceleration east

2£

Los Angeles, University of California

WESTWOOD 
Epicentral distance 22 miles

Acceleration south

October 2, 1933

4 Pendulum north relative to pier

0 sec.
I,,,, I

Los Angeles

CHAMBER OP COMMERCE

Weed Seismograph

is an Inverted 
print of the original 
plate)

Epicentral distance 19 miles

Pendulum east relative to pier

FIGURE 11. Westwood and Los Angeles Chamber of Commerce seismograms, October 2.

tainty in the value of the displacement as determined from this 
record alone.

The displacement of 1.0 mm refers to the north-south component. 
On the east-west component the maximum is only 0.42 of this, making
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the resultant estimated displacement about 1.1 mm. The period is 
0.20 sec. and the corresponding acceleration 110 cm/sec.2 , which is 
obviously a rather high value. There is the same uncertainty 
attached to this as in the estimated amplitude.

Because of the closeness of the time scale and inability to dis 
tinguish one of the first impulses, it is not possible to determine the 
direction of the ground vibration for these waves except to say that 
the north-south motion was about double that of the east-west.

Waves of other periods are not well defined but this is to be ex 
pected. In addition to the wave of 0.20 sec. period and some others 
very close to this value, there is some evidence of waves of 0.5 sec. 
and 0.9 sec. periods.

WESTWOOD ACCELEROGBAPH RECORD, OCTOBER 2, 1933

UNIVERSITY OF CALIFORNIA IN LOS ANGELES

The record represents about the lowest intensity of earthquake 
which this type of instrument is expected to record. The starting 
displacement evidently was just sufficient to set the recorder in action.

There is nothing outstanding about the record. Inspection reveals 
the usual very complex type of ground movement observed in the 
epicentral region of an earthquake. There are no sustained move 
ments of the ground in any one direction but several wave groups can 
be distinguished.

The maximum resultant acceleration does not exceed 10 cm/sec.2 
and is associated with waves of 0.25 sec. period. The corresponding 
estimated maximum displacement is 0.15 mm. During the first 4 or 5 
sec. periods approximately 0.10, 0.20, and 0.30 sec. are in evidence 
with only a few of them well defined and with the shorter periods 
generally of smaller amplitude.

In the latter part of the record, beginning at 5 sec., when a new 
wave group appears, the 0.1 sec. period waves go out of the picture 
and others of about 0.4 and 0.5 sec. period appear.

On the vertical component the maximum acceleration is 6 cm/sec.2 
at 4 seconds with corresponding estimated maximum displacement 
of 0.06 mm. Other periods are 0.09 or 0.10, 0.15, and 0.40 sec. with 
a trace of a few of 0.5 sec.

HOLLYWOOD ACCELEROGRAPH RECORDS, OCTOBER 2, 1933 

BASEMENT AND PENTHOUSE OF HOLLYWOOD STORAGE CO. BUILDING

Basement record

The two horizontal components were combined for a period coyer- 
ing the first 3.5 sec. and the values of maximum acceleration given 
here are therefore resultant values. The first wave is the maximum 
with an acceleration of 38 cm/sec.2 and period of about 0.45 sec. The 
acceleration curve is of elliptical character with major axis about 
south 30° west but there is a sudden shift north 45° west in the gen 
eral direction of the epicenter before one cycle is completed. These 
two bearings indicate the directions of the two major thrusts to which 
the building was first subjected and both are of the same magnitude. 
1.9 mm is the estimated maximum displacement.
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The duration of the principal portion is 9 sec., after which the earth 
wave periods become longer with corresponding decrease in accelera 
tion. During this time, periods of 0,30 and 0.45 sec. dominate on the 
north-south record. On the east-west record periods of 0.23 and 0.35
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FIGURE 12. Hollywood seismograms, October 2.

sec. dominate, with slight indication of a wave of approximately 1.1 
sec. period.

In the end portion of the record beginning at 10 seconds, periods 
between 0.3 and 0.4 and 0.95 sec. dominate on the north-south 
component, with 0.2, 0.50, 0.70, and 0.95 sec. on the east-west. The 
0.70 sec. period wave at 16 seconds is of special interest because it
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approximates the east-west period of the building. The ground 
acceleration is 7 cm/sec. 2 with estimated displacement of 0.9 mm. 
The north-south component is relatively inactive. Large amplitudes 
are recorded at this time on the penthouse record. The ground wave 
appears to be a bona fide earth movement, for if it were due to build 
ing vibrations they should continue on the basement record as the 
building continues to vibrate in its fundamental period, but such base 
ment vibrations are not observed. There is only one cycle of this 
period and it is slightly distorted.

On the vertical component periods of 0.45 to 0.55 sec. dominate 
with the majority about 0.50 sec. Maximum acceleration is 7 cm/sec. 2 
with estimated displacement of 0.6 mm. Too much weight must not 
be given these figures because an unknown damping factor is involved. 
The vertical motion pendulum was overdamped, thus decreasing its 
sensitivity. It is difficult to find any definite synchronism between 
vertical and horizontal waves because of the complexity of the latter. 
Although resultant accelerations in two vertical planes are drawn, 
they are just as complex as the resultant horizontal movements. The 
illustrations show the nature of the accelerations in two dimensions 
which affected the north-south and east-west vibrations of the 
building.

Penthouse record

Much greater motion was recorded in the penthouse station than in 
the basement, duplicating in a measure the results obtained in the 
Bank of America Building at San Jose on June 25, 1933. The maxi 
mum resultant horizontal acceleration is 100 cm/sec. 2 , or 0.1 g., with 
amplitudes estimated not greater than 9.0 mm. The maximum hori 
zontal acceleration and displacement are therefore respectively 2.6 
and 4.7 times greater than observed in the basement. In the case of 
the Bank of America Building (earthquake of June 25, 1933) the corre 
sponding figures were 7.0 and 7.8 (or possibly 6.7).

The outstanding feature of the record is the clear evidence of two 
distinct building vibration periods in the north-south and east-west 
directions. The Hollywood Storage Co.'s building is rectangular in 
plan with the longer sides east and west. From the smooth waves 
near the end portion of the record the period in the north-south 
direction is found to be 0.737 sec.; in the east-west direction 0.538 sec. 
The maximum north-south displacement occurs about 5 sec. after 
the beginning of the record with an acceleration of 27 cm/sec.2 and 
estimated displacement of 3.7 mm. The maximum east-west accel 
eration is 91 cm/sec. 2 with corresponding displacement of 8.2 mm, 
which is also the maximum displacement in the east-west direction.

Another distinctive feature of the penthouse record is its elongation 
as compared with the ground record, showing that the building con 
tinued to vibrate long after the ground movement had ceased.

Figure 14 shows the nature of the resultant horizontal acceleration 
curve. Because of the reduction in scale from the figure as it appeared 
in the original mimeographed report the time interval has been in 
creased from 0.0162 sec. and 0.081 sec. to 0.25 sec. The original 
curve was based on ordinate readings made every 0.1 mm on the origi 
nal seismogram, and subsequent marks estimated from them.

While many of the peculiar twists are due to intrusions of new 
ground movements, some of the major features can be reproduced by 
simply combining two simple harmonic motions which are normal to



UNITED STATES EARTHQUAKES, 1933 67

each other and have the same period and amplitude characteristics as 
the building. This has been done in figure 15. It will be noted that 
on the original curve there is hardly a single instance in which a 
nearly elliptical path has been completed without serious interference 
by accelerations normal to the major axis of the ellipse. Some of the 
most prominent are near the origin. The type of movement is some 
what similar to that shown in the Vernon analysis.

On the vertical component the outstanding periods are those which 
are recorded also in the basement, except that 0.10 sec. waves are 
superimposed on the longer ones of 0.5 sec. period. At the start of the 
record there are two waves which evidently correspond to similar 
waves in the basement having a 0.15 sec. period. The period of the 
first waves recorded in the penthouse is uncertain because of irregular 
motion in the starting of the drum. The penthouse amplitudes, how 
ever, are five times the amplitudes of the corresponding two basement 
waves. In the penthouse the estimated maximum accelerations and 
displacements are respectively 20 cm/sec. 2 and 0.1 mm. This large 
difference may be due to vibrations of the floor beneath the penthouse 
instrument or to overdamping of the basement instrument.

The amplitudes of the 0.5 sec. period waves appear to be about 
twice those observed in the basement.- Their maximum acceleration 
and estimated displacement are 20 cm/sec. 2 and 1.2 mm, respectively. 
These values are probably more correct than those given for the base 
ment instrument because of the better damping adjustment in the 
penthouse. Damping tests made subsequent to the shock reveal a 
wide divergence in damping ratios and it seems impossible to attribute 
the differences in trace amplitudes to any other cause, especially for 
the longer period waves.

.PASADENA ACCELEROGRAPH AND DISPLACEMENT METER RECORDS,
OCTOBER 2, 1933

CALIFORNIA INSTITUTE OF TECHNOLOGY

Accelerograph record

The magnitudes of the recorded accelerations are so small that there 
seems to be little need for going into a detailed analysis. The maxi 
mum amplitude horizontal waves emerge at the beginning of the record 
with earth motion in a north-south direction clearly indicated. 
The pendulums are oriented "end-on" with respect to the epicenter 
so that waves of longitudinal and transverse types should be auto 
matically separated on the two horizontal components. The period 
of the waves in this first group is 0.60 sec. Maximum acceleration is 
5 cm/sec.2 with maximum amplitude estimated at 0.4 mm. In the 
east-west direction a maximum acceleration of 4 cm/sec.2 occurs 
about 5 seconds after the beginning. The period is nearly 0.50 sec. 
and corresponding estimated displacement 0.3 mm.

On the dominant horizontal waves of 0.5 and 0.6 sec. period are 
superimposed numerous waves of 0.11 or 0.12 sec. with occasional ones 
of 0.20 sec. period, the latter on one occasion, within the first second of 
east to west recording, approaching close to the maximum accelera 
tion of 5 cm/sec.2 and estimated displacement of 0.4 mm. Weak 
waves of about 1.3 sec. period are evident in the end portion of the 
record. Although waves near this period are quite evident on the 
displacement meter and are responsible for the maximum displace-
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ments, they cannot be recognized on the accelerograph record except 
in a very questionable way.

On the vertical component the dominant waves are of 0.21 sec. 
period with superimposed groups having periods ranging from 0.08

I Acceleration tip
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California Institute of Technology

PASADEHA 

Eplcentral distance 25 miles
October 2, 1933

t Displacement south-west

0 seconds 5

012 cm.

10 15 20 25

f Displacement north-west

FIGURE 13. Pasadena seismograms, October 2.

to 0.12 sec. The longer period waves indicate accelerations roughly 
about one-half the maximum observed on the horizontal components. 
There are faint traces of waves of 0.5, 0.6 and 1.2 sec. periods in the 
latter part of the record.
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Displacement meter record

The resultant maximum displacements are complex and exhibit no 
outstanding movements of sustained harmonic character. The 
maximum displacement is 2.0 mm in a general north and south direc-

V
<L> +* OS a * 
5 § &

c a i

tion. The period of the waves as measured on the gram is 1.4 sec. 
but the larger displacements are due to the fact that the waves are 
superimposed on a 5 sec. period wave displacing the ground in the 
same direction. This long period wave has a trace displacement of 
approximately a millimeter on each component, corresponding to a
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ground displacement of 1.2 mm. in a general north-south direction. 
The resultant displacement curve verifies this.

Waves of 1.2 sec. are prominent but their amplitudes hardly reach 
0.5 mm. The earth motion is not uniform but sometimes almost

Down HOLLYWOOD 
(Basement Station)

Down

Resultant accelerations in two vertical planes during first 1.5 seconds. 

Time is indicated in same manner as on the other Hollywood diagrams.

N

Left: __
VERNOT

Resultant horizontal accel 
erations during first 1.3 
seconds.

The numbers on the curves repre 
sent time in seconds.

October 2, 1933.

0 100
[ I I I I I I I I I I

cm./sec.2

Resultant of two S.H. 
motions of same rela 
tive periods and amp 
litudes observed in 
the Hollywood penthouse 
for the N-S and E-\7 
vibrations of the Holly 
wood Storage Co's. bldg. 
Compare with observed 
resultant curve noting 
points of similarity.

FIGURE 15. Hollywood and Vernon horizontal accelerations, October 2.

linear, then elliptical, then circular. Waves of 0.5 sec. period are 
very much in evidence but their maximum displacement is only 
about 0.4 mm.
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FIGURE 16. Pasadena and Subway Terminal horizontal displacement, October 2.
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Summary of strong-motion seismograph results, earthquake of Oct. 2, 1933

Station and instrument

Long Beach Utilities
Building accelerograph.

house accelerograph.

Santa Ana, Weed seismo
graph in courthouse 
annex.

Los Angeles Subway Ter
minal accelerograph.

minal displacement 
meter.

Los Angeles, Weed seis
mograph in Chamber of 
Commerce Building.

West wood, University of
California accelero 
graph.

Hollywood Storage Build
ing basement accelero 
graph.

Hollywood Storage Build
ing penthouse accelero 
graph.

Earth wave 
period

Sec. 
0.1 to 0.2.....

0.12..  ..
0.15,.. _-.-_-.
0.19..........
0.3, 0.4, 0.5...
0.50. .........
(?)...........

0.13 to 0.16 ..

0.15. .. ------

0.28.......--.

(?)..       

0.2to0.6.   ..

0.13..      

0.20.      
0.2(?)__.    ._
0.2.............

0.2(7). ........ .
0.35. _._....-_.
0.4,0.5..   
0.4,0.5-     
0.88.-       
0.9..      
1.2.        

0.5, 1.0..    

1.4(7).     
2.5       
5.+ .__      

0.2.        

0.5, 0.9     ..

0.1 to 0.5 -  

0.09 to O.5.. .. .
0.25      ..
0.20...---  

0.2 to 1.1-.   .

0.45 ....    ..
0.50+--     

0.70..-      

0.10..     

0.15       
0.50.     ..

0.74..     

Maxi- 
mum 
accel 

eration

Cmhec.

70
35

25
100

50

130
13
50

ID-

25

27
55
30

6

110(7)

16
6

38
7(7)

7

20
20
91

27
100

Maxi 
mum dis- 
placemen

Cm

0.025
.02

.16

.19

.02

.26

.07

.09

.01

.10

. 10-. 17+

.03

.17

.12

.30

.15+

.10-

.85

.11(7)

.015

.006

.19
.06(7)

.09

.01

.12

.82

.37

.90

Component

NS.andEW.

EW... .... ...

.....do.. .....

... ..do.  ...
EW. . ..
Resultant H.

Resultant H.

   do.  . 

..  do  ---

NE.-SW... 

Vertical   
NW.-SE   ..
Resultant H..

NE.-SW  .
  do     

....do    ..
NE.-SW.  
NW.-SE  .

  do     

Resultant H..

Resultant H...

NS. and EW-

EW      

.... do     _

....do    ...
EW. . ...

NS        
Resultant H..

Remarks

A frequent period.
Occasional weak waves.
Not on NS.
Estimated. See text.

Rotational, sharp rever
sals. 

Do.

Two periods involved.

feeble. 

Outstanding in first part
of record.

First impulse only. Un
certain. See text.

End portion of record.

Verv small amplitude.
Do.

Uncertainty due to in
sufficient damping and 
resonance.

Short periods recorded
first. 

Do.
Maximum acceleration.

Do.

See text for many periods
measured.

Pendulum overdamp- 
ed.

Not on basement record.

building. 
Do.
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Summary of strong-motion seismograph .results, earthquake of Oct. 2, 1933 Con,

Station and instrument

stitute of Technology 
accelerograph.

stitute of Technology 
displacement meter.

Earth wave 
period

See. 
0.08 to 0.12....

0.11,0.12......
0.20--.-...-.-
ft 9

0.60-      
0.50       
1.3. ......... ..

0.5.---      

1.2  ... ...... .
1.4,5.0-.    -

5.0..--.   

Maxi 
mum 
accel 

eration

Cm/sec.

5

5
5

Maxi 
mum dis 
placement

Cm 
0.02

.04

.04

.03
(?)

.04

.05

.20

.12

Component

Vertical.   

EW.... ...... .
EW      
Vertical   
NS... ....    
EW.....   ...
NS. and EW .
Vertical . 

NE., NW..._ .

NE., NW   .
Resultant H_.

Remarks

Weak.

Do.

Weak.
Do.

erogram.

waves.

Instrumental constants at time of earthquake of Oct. 2, 1933

Station and instrument

accelerograph.

Vernon accelerograph .. _____ ..

Santa Ana Weed seismograph . _ ..

Orientation of 
instrument

E.-W. ..........
S.-N  .   .....

S.-N...     
W.-E....   

N.-S-..     
E.-W. ....... ...

NE.-SW     
SE.-NW    ....

N.51°W.-S.510 E. 
N.31°E.-S.39°W.

N. 6° W.-S. 6° E_
E. 6° N.-W. 6° S.

Up-Down.. .....
N. 8° E.-S. 8°W_. 
E. 8° S.-W. 8° N.

E.-W....     .
S.-N....... .....

W.-E-...     .
S.-N-.  - .

S.-N....    
W.-E. ..........

SE.-NW . ...
NE.-SW. .......

Pendu 
lum pe 

riod

Sec. 
0.100
.098
.099

.099

.099

.100

.098

.098

.099

10.
9.7

.112

.104 

.102

9.6
10.5

.096 

.103 

.100

.103

.101

.100

.22

.22

.099

.097

.099

.18

.18

Static 
magnifi 
cation

109
108
iiy>

106
102
108

140
122
133

1.15
1.15

108
127 
108

1.15
1.15

118 
119 
116

106
101
107

6.5
6.5

100
115

6.5
6.5

Sensitiv 
ity

Cm. 
2.70
2.57
2 en

2.59
2.49
2.67

2.90
3.20

3.37
3.41 
2.54

2.69 
3.14 
2.88

2.78
2 c7

.65

2.69
2 0C

.5

Damp 
ing ratio

47-
26-
5.0

4.6
4.2
5.0

27-
27-
42-

7.3

34- 
15-

4.6

Critical 
9.2 
9.2

7.6
8 C

10

1 3

1 ^

91ft

5.8

1.18
1 1S2

Instru 
ment no.

V28P
L9P

V25P
L3P
T18P

V34Q
L8Q
T21Q

R17
L17

V36Q
L10Q 
T23Q

R15
L15

V29Q 
L6Q 
T19Q

V30P
L5P
T4P

R9
L9

V30Q
L4Q
T17Q

R12
T 19

1 The direction on the left ("up" in the first case) indicates that direction of pendulum displacement, 
relative to the instrument pier, which will displace the trace upward on the original seismogram.

2 Did not operate with accelerograph starter.
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DESCRIPTIONS OF STRONG-MOTION SEISMOGRAPH STATIONS

HOLLYWOOD 

HOLLYWOOD STORAGE BUILDING

Accelerograph in basement and in penthouse

The building is located on the west side of Highland Avenue just 
south of Santa Monica Boulevard, about one-half mile south of the 
business section of Hollywood. It is 14 stories high, 150 feet from 
ground to roof, with 2 penthouses and radio towers. The floor of the 
penthouse in which the accelerograph is installed is about 3 feet above 
the roof. The floor of the basement in which the other accelerograph 
is installed is about 12 feet below street level. The building is of 
reinforced concrete construction, 50 feet by 217 feet, and is of simple 
rectangular plan with the longer sides directed east and west. The 
foundation is built on piles. The two accelerographs are wired to 
start simultaneously.

The station is on rather coarse alluvium some tens of feet, or quite 
possibly several hundreds of feet in thickness resting on some hundreds 
or several thousands of feet of Tertiary sedimentary formations, which 
in turn rest on slates or possibly other crystalline bedrock. The 
material immediately beneath the station is soft alluvium. Deep 
parts of the alluvium consist of sands and gravels deposited as fan 
material by streams issuing from the south slope of the Santa Monica 
Mountain. The water table is probably some tens of feet below the 
surface.

LONG BEACH 

PUBLIC UTILITIES BUILDING

Accelerograph in basement

The building is on the northwest corner of the intersection of Broad 
way and Pacific Avenue. It is 3 stories high and constructed of rein 
forced concrete. There are 2 longitudinal rows of interior columns of 
5 each. The spacing is quite uniform and the decorative pilasters 
conform to the column arrangement. The building is 60 by 118 feet 
and is simple and symmetrical in design, the longer sides directed north 
and south. The instrument is about 75 feet north and 30 feet west 
of the property lines of these streets, about 9 feet below street level.

The formation is soft alluvium which reaches down to a depth of 
some tens of feet, possibly several hundreds. Beneath this alluvium 
are the relatively soft young marine formations which underlay the 
whole Los Angeles plain. Below these young marine strata are tilted 
Tertiary formations with a thickness at this locality of somewhere 
between 5 and 10 thousand feet. To the northeast they apparently 
thicken to 6 or 7 miles. Beneath the Tertiary strata are schists and 
other old crystalline rocks. Alluvium is the latest of an enormous 
series of deposits filling the Los Angeles basin. The water table is 
not more than a few tens of feet below the surface.
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LOS ANGELES 

SUBWAY TERMINAL BUILDING

Accelerograph in train shed

The building is in the block bounded by Fourth, Fifth, Hill, and 
Olive Streets. The instrument is located in the portion of the train 
shed under Olive Street west of the Subway Terminal Building, the 
portion of the shed housing the instrument being structurally inde 
pendent of the maigjsrtiilding. The Subway Terminal Building is 
186 by 241 feet, the upper stories consisting of several independent 
units. The instrument room is 64 feet below street level and is con 
structed of reinforced concrete. It is on the station platform only a 
short distance from the tracks.

Alluvium is relatively thin or wanting at this station. At or imme 
diately below the surface are the late Tertiary marine sediments, 
folded strongly, and beneath these is a section of rocks similar to that 
at the Chamber of Commerce station. Since alluvium is so thin or 
wanting here, a statement regarding water conditions is not particu- 
lary pertinent, but the water table is doubtless not far below the 
surface.

LOS ANGELES 

CHAMBER OF COMMERCE

Strong-motion seismograph in basement

The Chamber of Commerce building is on the north side of Twelfth 
Street and extends from Broadway to Hill Street. It is 10 stories 
high, of steel frame construction, and roughly 230 by 185 feet. The 
Weed seismograph is on a pier at the base of one of the columns in the 
exhibit room in the basement of the building.

The material immediately beneath the station is soft alluvium. Its 
thickness is probably at least some tens of feet and may attain several 
hundreds of feet. Beneath this alluvium lie some thousands of feet 
of late Tertiary unconsolidated marine sediments, folded and tilted. 
Beneath these may lie a considerable thickness of early Tertiary and 
possibly Cretaceous consolidated sediments and underlying these are 
the slates or other old bedrock formations. The water level is prob 
ably not more than a few tens of feet below the land surface.

PASADENA 

CALIFORNIA INSTITUTE OF TECHNOLOGY

Accelerometer and displacement meter in basement

The station is in one of the institution buildings on the west side 
of Hill Street between California and San Pasqual Avenues. It is 2 
stories high, constructed of reinforced concrete and is approximately 
200 by 150 i'eet, but the plan is very irregular,. The instrument room 
is in the basement.

The material immediately beneath the surface on the campus of 
the California Institute of Technology is soft sandy alluvium. It 
extends to a depth of four or five hundred feet. Beneath it may lie a 
thin section of older consolidated alluvium. Next below it the
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granite surface of the fault block slopes northward due to the tilting 
of the block between the bounding faults. The water table is about 
100 feet below the surface.

SAN FRANCISCO 

SHELL BUILDING

Strong-motion seismograph in subbasement and on twenty-eighth floor

The Shell Building is on the northwest corner of Battery and Bush 
Streets. It is 29 stories high, constructed of reinforced concrete 
throughout with some terra cotta facing and is about 68 feet square 
at the twenty-eighth floor. The foundation is built on caissons ex 
tending approximately 140 feet beneath the subbasement to bedrock. 
The southeast caisson is deeper than the others due to sloping of the 
bedrock in that direction.

The material immediately beneath the building is unconsolidated 
material, probably estuarine deposits and fill. The nature of the 
underlying rock, at one hundred and forty or so feet in depth, is 
unknown, though it perhaps is the same as that constituting the 
exposed rock in the city. See report on the Southern Pacific Building 
for regional geology.

SAN FRANCISCO 

SOUTHERN PACIFIC BUILDING

Accelerograph, displacement meter, and strong-motion seismograph in basement; also 
strong-motion seismograph on twenty-eighth floor

The building is on Market Street between Steuart and Spear Streets, 
facing northwest. The building is 10 stories high. The construction 
is concrete built about steel framework with brick facing throughout. 
It is E-shaped with long outer wings, and inside wing extending 
several stories above the other sections. The ground floor is 275 by 
210 feet. The foundation is built on piles driven into water-soaked 
sediments. The piling extends to a depth at which driving became 
difficult at the time but not necessarily to firm ground. The deepest 
pile is about 110 feet; the average, about 90 feet. The main in 
strument room is in the basement beneath the ticket office. The 
auxiliary station is in the blue print room on the eleventh floor of the 
inside wing.

The earthquake geology of the San Francisco peninsula is described 
by Dr. H. O. Wood in Bulletin VI of the National Research Council 
on Physics of the Earth Series, and the general geology by Andrew 
Lawson in the United States Geological Survey, folio 193. The bulk 
of the bedrock belongs to the Franciscan series assigned to the Jurassic. 
The series contains cherts interbedded with sandstones and intruded 
by serpentines. The strip of land traversed by lower Market Street 
and including the Southern Pacific Building is largely man-made fill. 
In the early days the bay extended to the foot of Montgomery Street 
which includes the present site of the Shell Building.
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SAN JOSE 

BANK OF AMERICA BUILDING

Accelerograph in basement and on thirteenth floor

The building is on the southeast corner of First Street and Santa 
Clara Avenue, the principal thoroughfares of the city. The ground 
floor is 132 feet by 124 feet but the upper part above the third floor is 
51 feet by 124 feet, the longer sides directed south 30° east and north 
30° west. The building is constructed of reinforced concrete with brick 
and terra cotta facing and is surmounted by a large ornate cupola. 
The foundation is built on piles driven into unconsolidated clay and 
sand. One accelerograph is located in the basement; the other on the 
thirteenth or top floor. They are wired to start simultaneously.

The material immediately underlying San Jose is unconsolidated 
alluvium and estuarine deposits. The bedrock exposed in Alum Rock 
Park, 5 miles northeast of the station, belongs to the cherts, serpen 
tines, and sandstones of the Franciscan series. Further to the east 
ward, according to Prof. N. Taliaferro of the University of California, 
the Franciscan abuts an overturned syncline of Tertiary rocks. The 
rock constituting the hills south of San Jose also belong to the Fran 
ciscan series.

SANTA ANA 

COURTHOUSE ANNEX

Strong-motion seismograph in record vault

The station is in the record vault of the Orange County surveyor, 
which is in the building across Broadway west of the old courthouse. 
It is a concrete box with walls about 1 foot thick and well reinforced. 
There is a fireproof steel safe door at one side and this is the only 
opening through walls or roof. There is a 6- or 12-inch space beneath 
the concrete floor for ventilation. The vault is 10 feet square. The 
instrument is a Weed strong-motion seismograph.

This city lies in the middle of an extensive alluvial plain. The al 
luvium is very deep, probably not less than some hundreds of feet 
and possibly several thousands of feet. It rests on Tertiary marine 
formations having a thickness of several thousand feet. Beneath 
these strata is the crystalline bedrock. The alluvium on which the 
instrument pier rests is soft unconsolidated material. The water table 
is relatively high in the ground, complicated somewhat locally in this 
region by artesian conditions. The depth to the water table is 
probably about 20 or 30 feet.

SUISUN BAY BRIDGE 

AT MARTINEZ

Accelerograph on pier 14

The station is on Pier 14 of the Southern Pacific Railroad Bridge 
across Suisun Bay about 2 miles northeast of Martinez. Pier 14 is 
2,222 feet from the southern approach to the bridge. The pier is 174 
feet high above its base on bedrock; 64 feet is above water, 50 feet in 
the water, and 60 feet in mud. It is constructed of concrete with
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steel reinforcing; 20 by 55 feet at the bottom and 20 by 40 feet at 
the top. The pier rests on shale.

C. R. Harding, assistant to the president, Southern Pacific Co. (in 
1929), has published an article entitled "Location and Design of the 
Southern Pacific Cq.'s Suisun Bay Bridge as Affected by Consideration 
of Earthquakes" in the bulletin of the Seismplogical Society of 
America, vol. 19, p. 162, 1929 ? in which the locality of the bridge in 
consideration to local geology is given.

The Southampton fault parallels the bridge and is 2 miles west 
thereof. As the throw along this fault is great, the Southern Pacific 
Co. considered it dangerous to build the bridge along the old ferry 
crossing which traverses the fault. On the other hand, the bridge 
possibly crosses the Martinez fault, but here the throw is small and 
the fault is considered very minor.

The rock bordering the Carquinez Straits and lower Suisun Bay is 
Cretaceous and Tertiary sandstone and shale, principally the Chico 
and Martinez formations of the Upper Cretaceous and lower Eocene, 
respectively. According to the fault map issued by the Seismological 
Society of America, another fault parallels the bridge about 4 miles 
to the east.

VERNON
CENTRAL MANUFACTURING DISTRICT TERMINAL BUILDING

Accelerograph in basement

The building is located at 4814 Loma Vista Avenue. It is 6 
stories high with a tower and recreation rooms of wood construction 
on the roof. It is of reinforced concrete construction with steel 
frame. The tower on the roof contains a water tank. The over-all 
dimensions of the building are 254 by 402 feet. It is U-shaped, con 
sisting mainly of 2 wings, each 82 feet wide, extending almost the full 
length of the building. Spur tracks parallel the wings. The accelero- 
graph is in the basement about 8 feet below street level.

This station is located in the midst of the broad alluvial plain in 
which Los Angeles and Santa Ana lie and is underlain by some 
hundreds of feet of soft alluvium. Beneath the alluvium are soft

gDung marine strata with a thickness of some hundreds of feet, 
elow these are soft Tertiary marine strata grading downward into 

harder formations of the same type. The aggregate thickness of the 
Tertiary rock is probably between 25 or 30 thousand feet. The 
deeper Tertiary strata are gently tilted as a part of the structure of 
the Los Angeles basin syncline. The water table is near the surface at 
a probable depth of 10 or 20 feet. This area is very unstable and very 
susceptible to vigorous shaking during even moderate earthquakes.

WESTWOOD

UNIVERSITY OF CALIFORNIA AT LOS ANGELES

Accelerograph in Physics-Biology Building

The building is on the campus of the university about 12 miles 
west of the Los Angeles City Hall. The building is 3 stories high 
and is constructed of reinforced concrete, brick faced, with hollow tile 
partitions. The 2 wings of the E-shaped building are tied together 
structurally, the over-all dimensions being roughly 130 by 280 feet,
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the longer sides directed north and south. The accelerograph is in 
the basement about 13 feet below street level.

This locality is on consolidated coarse alluvium derived as waste 
from the Santa Monica Mountains to the north. The compact 
alluvium has a probable thickness not less than some tens of feet 
and possibly several hundreds of feet. It rests on Tertiary stratified 
rocks several thousand feet thick. These in turn rest on granite or 
slate. The water table is at a probable depth of 50 or 75 feet below 
the surface.



TILT OBSERVATIONS

Japanese seismologists have produced strong evidence that some 
earthquakes are preceded by a slight tilting of the ground in the 
epicentral region. It appears to be associated with pre-seismic 
movements along faults, or block movements, which may occur 
several hours before an earthquake. Because of the possibilities of 
prediction involved, the Coast and Geodetic Survey made plans to 
observe tilt near certain California faults.

A tiltmeter, operating on the principle of light interference was 
developed by G. E. Merritt, of the National Bureau of Standards, 
with funds furnished by the Coast and Geodetic Survey, and installed 
at the seismological station of the University of California at Berkeley 
with the active cooperation of that institution. Eye readings were 
made daily on the interference fringes formed by the angle between 
the surface of a small quantity of oil in a dish fixed in bed rock and 
the lower surface of a quartz cover fixed to the oil container. This 
part of the apparatus sets in a deep well, and some difficulty has been 
experienced in establishing satisfactory operating conditions. The 
problem is being given continued attention and Mr. Merritt is 
developing an automatic recorder with aid from the National Re 
search Council. The observational work at Berkeley is carried on 
by the personnel of the seismological station..

The most interesting data covers the period before and after the 
Alameda County earthquake of May 16, 1933, which originated 
about 25 miles southeast of Berkeley on the Hayward fault. The 
tiltmeter at Berkeley is about 200 yards from the extension of this 
fault. The illustration shows the results of daily tilt readings from 
April 20 to May 19. An unusual range of tilt beginning about May 
6 is quite evident but its interpretation will be open to more or less 
conjecture until enough additional data are obtained to establish more 
definitely the tilting characteristics of active California faults.

A full description of the tiltmeter will be found in the transactions 
of the American Geophysical Union, fifteenth annual meeting, April 
26, 27, 28, 1934, Washington, D. C., and Berkeley, Calif., June 20, 
21, 1934, part 1. The article by Mr. Merritt is entitled "Installation 
of Tiltmeters." 
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FIGURE 17. Preseisrnic tilting on Hayward Fault, April 20 to May 19. Top of page corresponds to north.



ADDITIONS AND CORRECTIONS

1931. August 16. Texas. See The Texas Earthquake of August 16, 1931, by 
Perry Byerly in the April and July 1934 numbers Bulletin of the Seismological 
Society of America. Epicenter 30°53' N., 104°11' W.

1932. January 26. Wyoming. Earthquake Shocks in Jackson Hole, Wyo., 
by Fritiof Fryxell, gives additional details. See October 1933, number of 
B. S. S. A.

1932. June. Mexico. See Seismic Activity in Mexico during June 1933, by 
Ezequiel Ordonez in the April 1933 number of B. S. S. A.

1932. July 17. Washington. See The Tolt River Earthquake and Its Bearing 
on the Structure of the Cascade Range, by D. C. Bradford and A. C. Waters 
in the January 1934 number B. S. S. A. Approximate epicenter 47°45' N., 
121 °50' W. In United States Earthquakes, 1932, on page 15 under date of July 
17 line 4, change 70 km, to 45 km.

1932. December 20. Nevada. See The Cedar Mountain, Nev., Earthquake of 
December 20, 1933, by V. P. Gianella and E. Callaghan in the October 1934, 
number, B. S. S. A.

1932. Year. Washington. See D. C. Bradford's Seismic History of the 
Western Washington Territory for additional information.

1933. Year. The Meteorological station of the Theosophical University at Point 
Loma, Calif., has prepared a report on microseismic activity recorded from 1931 
to 1934, inclusive. Copies may be obtained by addressing the Director of the 
Station, or the Director of the Coast and Geodetic Survey.
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INTRODUCTION

This publication is a summary of earthquake activity in the United 
States and the regions under its jurisdiction for the calendar year 
1934. The period up to 1927 for the United States is covered, for 
all except minor earthquakes, by Special Publication No. 149 of the 
Bureau, "Earthquake History of the United States Exclusive of the 
Pacific Region", and by several publications for the Pacific region. 
These include the Holden and McAdie catalogs,1 Special Publication 
No. 191 of the Bureau, "Destructive and Near-Destructive Earth 
quakes in California and Western Nevada, 1769-1933", and a forth 
coming publication of the Seismological Society of America. The 
period from 1928 on is covered by the series to which the present 
publication belongs.

Earthquakes of volcanic origin in the Hawaiian and Philippine 
Islands are not included, and only severe shocks are included in 
the case of the Philippine Islands as complete reports are published 
by the Manila Central Observatory. Earthquakes adjacent to the 
United States and felt within its borders are described only in a 
general way when detailed descriptions are published elsewhere.

Cooperation of investigators solicited. In order that these publi 
cations may be as complete as possible in the more important details 
of earthquakes and in references, it is desired that investigators 
cooperate to the fullest extent, as such cooperation will be to the 
mutual advantage of everyone concerned. The Bureau is willing to 
furnish investigators all information at its disposal consisting prin 
cipally of seismographic records and post-card questionnaires ob 
tained in many instances through special canvassing of affected 
areas. In return it is requested that preferably advance notices 
be furnished of results obtained so that abstracts and references may 
be inserted with due credit given the sources. An advance notice 
of a planned investigation might save considerable overlapping of 
effort and would give wider publicity to the work of the investigator.

The noninstrumental information has been furnished by a large 
number of individuals and organizations whose voluntary cooperation 
has made it possible to prepare descriptions of the earthquakes of this 
country with a completeness and accuracy never before attained. 
Lack of space prohibits giving individual credit to all of the coop- 
erators. The principal sources of information are as follows:

United States Weather Bureau.
Central office of the Jesuit Seismological Association of St. Louis, Mo. 
The Seismological Office of the San Francisco Field Station of the Coast and 

Geodetic Survey, cooperating with the Seismological Laboratory of the Car-

1 Smithsonian Miscellaneous Collections, 1089. A Catalog of Earthquakes on the Pacific 
Coast, 1769-1897. Edward S. Holden. Smithsonian Miscellaneous Collections, 1721. 
Catalog of Earthquakes on the Pacific Coast, 1897-1901. Alexander G. McAdie.
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negie Institution and California Institute of Technology (H. O. Wood, research 
associate, in charge), University of California (Perry Byerly in charge of the 
seisruological station), and Stanford University. Among the commercial agen 
cies on the west coast rendering valuable services are telephone, power, oil, 
railroad, and, especially insurance companies. Certain concerns interested in 
the earthquake-resistant qualities of their products are also active, together with 
various organizations of structural engineers and architects.

The large number of reports received from Alaska is due largely to the 
efforts of Dr. C. E. Bunnell, president of the University of Alaska.

Press dispatches received through the courtesy of Georgetown University.
Telegraphic reports collected by Science Service, Washington.
Bulletins of the Seisrnological Society of America.
Interested individuals in various parts of the country.

In addition to the above sources of information, the Coast and 
Geodetic Survey, or its seismological office at San Francisco, can 
vasses areas affected by shocks of unusual intensity. In this way the 
extent and the maximum intensities of all heavy shocks are deter 
mined and the data are usually sufficient to construct isoseismal maps 
or, at least, maps of the affected areas. The seismological station of 
the University of California, Berkeley, and the seismological labora 
tory of the Carnegie Institution of Washington and the California 
Institute of Technology, at Pasadena, cooperate actively in the can 
vassing program arranged especially for the Pacific coast region.

Notes on the regional earthquake tabulations. The destructive 
features of all shocks are enumerated in the abstracts, but otherwise 
the descriptive matter is reduced to a minimum. The original reports 
are open for inspection by anyone interested in unpublished details. 
For 1934 more detailed descriptions of earthquakes on the west coast 
will be found in mimeographed reports available at the San Francisco 
Jfield station.

Beginning with the 1931 number of this series, Serial No. 553, 
the Coast and Geodetic Survey has used and will continue to use 
the modified Mercalli intensity scale of 1931, in place of the Rossi- 
Forel scale, to designate the intensity of earthquake activity. All 
intensity numbers therefore refer to the new scale unless otherwise 
designated. The reasons for this change are set forth in an article 
entitled "Modified Mercalli Intensity Scale of 1931", by Harry O. 
Wood and Frank Neumann, in the December 1931 number of the 
Bulletin of the Seismological Society of America, volume 21, no. 4. 
This article contains the original unabridged scale and also an 
abridged scale. The latter is given here, together with equivalent 
intensities according to the Rossi-Forel scale.

MODIFIED MERCALLI INTENSITY SCALE OF 1931 

(Abridged)

I. Not felt except by a very few under especially favorable circumstances. 
(I Rossi-Forel scale.)

II. Felt only by a few persons at rest, especially on upper floors of buildings. 
Delicately suspended objects may swing. (I to II Rossi-Forel scale.)

III. Felt quite noticeably indoors, especially on upper floors of buildings, but 
many people do not recognize it as an earthquake. Standing motor 
cars may rock slightly. Vibration like passing of truck. Duration 
estimated. (Ill Rossi-Forel scale.)

IV. During the day felt indoors by many, outdoors by few. At night some 
awakened. Dishes, windows, doors disturbed; walls make cracking 
sound. Sensation like heavy truck striking building. Standing motor 
cars rocked noticeably. (IV to V Rossi-Forel scale.)
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V. Felt by nearly everyone; many awakened. Some dishes, windows, etc., 
broken; a few instances of cracked plaster; unstable objects over 
turned. Disturbance of trees, poles, and other tall objects sometimes 
noticed. Pendulum clocks may stop. (V to VI Rossi-Forel scale.)

VI. Felt by all; many frightened and run outdoors. Some heavy furniture 
moved; a few instances of fallen plaster or damaged chimneys. Dam 
age slight. (VI to VII Rossi-Forel scale.)

VII. Everybody runs outdoors. Damage negligible in buildings of good design 
and construction; slight to moderate in well-built ordinary structures; 
considerable in poorly built or badly designed structures; some chim 
neys broken. Noticed by persons driving motor cars. (VIII  Rossi- 
Forel scale.)

VIII. Damage slight in specially designed structures; considerable in ordinary 
substantial buildings with partial collapse; great in poorly built struc 
tures. Panel walls thrown out of frame structures. Fall of chimneys, 
factory stacks, columns, monuments, walls. Heavy furniture over 
turned. Sand and mud ejected in small amounts. Changes in well 
water. Disturbs persons driving motor cars. (VIII+ to IX  Rossi- 
Forel scale.)

I.. Damage considerable in specially designed structures; well-designed 
frame structures thrown out of plumb; great in substantial buildings, 
with partial collapse. Buildings shifted off foundations. Ground 
cracked conspicuously. Underground pipes broken. (IX+Rossi- 
Forel scale.)

X. Some well-built wooden structures destroyed; most masonry and frame 
structures destroyed with foundations; ground badly cracked. Rails 
bent. Landslides considerable from river banks and steep slopes. 
Shifted sand and mud. Water splashed (slopped) over banks. (X 
Rossi-Forel scale.)

XI. Few, if any (masonry), structures remain standing. Bridges destroyed. 
Broad fissures in ground. Underground pipe lines completely out of 
service. Earth slumps and laud slips in soft ground. Rails bent 
greatly.

XII. Damage total. Waves seen on ground surfaces. Lines of sight and level 
distorted. Objects thrown upward into the air.

An asterisk (*) indicates that the time is taken from an instrumen 
tal report and is reliable. In other instances quite large deviations 
are frequently reported.

In the case of California, earthquakes reported as feeble are not 
plotted on the epicenter map of the United States nor are minor 
aftershocks plotted for heavy earthquakes in California or any other 
region. The reader should bear in mind that the information serv 
ice in California has been developed to a point not approached in 
any other section of the country. When the coordinates of epicen 
ters are given, the sources of information are stated when the epi 
centers are determined by other organizations such as the seismologi- 
cal station of the University of California under the direction of 
Prof. Perry Byerly or the seismological laboratory of the Carnegie 
Institution and the California Institute of Technology, at Pasadena, 
under the direction of H. O. Wood. The bulletins of these institu 
tions should be consulted for further details and, often, additional 
shocks.

Time is indicated as continuous from 0 to 24 hours, beginning and 
ending at midnight. Local standard time is used.

Within the United States the same regional arrangement has been 
followed as in Special Publication No. 149, previously mentioned, 
except that Washington and Oregon have for convenience been 
treated separately from California.

Special report. Attention is invited to a special quarterly report 
issued by the Bureau's seismological survey, with headquarters at
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the San Francisco Field Station of the Bureau, entitled "Abstracts 
of Earthquake Reports for the Pacific Coast and the Western Moun 
tain Region." The reports are in mimeographed form and tabulate 
in unabridged style all information contained in noninstrumental 
reports collected in the region indicated.

INSTRUMENTAL RESULTS

Teleseisimc results. Epicenters given in the noninstrumental 
results and in the tabulation on page 57 have been determined at 
the Washington office unless otherwise stated. Quite often they 
represent the mean of the positions determined by the Bureau and 
the Central Station of the Jesuit Seismological Association cooperat 
ing with Science Service. Immediate epicenter determinations from 
telegraphic reports are frequently made through the cooperation of 
these institutions and individual seismograph stations and the re 
sults broadcast without delay to Europe and points in the Pacific. 
As the published epicenters are based on only a portion of the avail 
able data, they must be considered provisional.

Attention is called to the mimeographed reports of the Bureau 
listing the detailed seismographic results obtained at its own sta 
tions and a large number of cooperating stations. The tabulated 
"Summary of instrumental epicenters" on page 57 is abstracted from 
these monthly reports.

/Strong-motion results. The introductory remarks in the chapter 
on this subject explain in detail the purpose of the work, which is 
primarily to furnish engineers exact information concerning ground 
movements in the central region of a strong earthquake. The in 
strumental equipment is essentially different in type from teleseismic 
equipment although the principles involved are the same. Strong- 
motion instruments are installed mostly in the urban areas of Cali 
fornia, and operate only when actuated by the movements of a 
strong earthquake.

The interpretation of strong-motion results is one of the duties 
assigned to the Bureau in connection with a broad cooperative pro 
gram of seismological research being carried out on the Pacific 
coast between the Bureau and a number of local organizations and 
institutions interested in the engineering aspects of the earthquake 
problem. The details of this program are fully described in the 
Bureau's Special Publication No. 201, "Earthquake Investigations 
in California, 1934r-I935."

Preliminary reports on strong-motion results are issued in quarterly 
mimeographed bulletins and sometimes in special mimeographed 
reports. They appear in revised form in this publication because 
it provides a ready means of recording them in permanent form.



NONINSTRUMENTAL RESULTS

EARTHQUAKE ACTIVITY IN THE VARIOUS STATES

Arizona: Slight shocks on January 4 and 11, March 12, May 14, and Decem 
ber 25.

California: The only shocks of destructive intensity originating within the 
State occurred in the thinly populated Temblor Mountains on June 5 
and 7. The Lower California shocks of December 30 and 31 were rather 
serious along the border, and the western Nevada shock of January 30 was 
felt across the entire State. There was no appreciable damage in Cali 
fornia in the latter case. There was no shock of major importance.

Connecticut: Slight shock on January 30.
Idaho: Slight shocks on March 15 and 17, April 28, and May 6. The Utah 

shock of March 12 was felt over a large part of the State.
Illinois: Weak shocks on October 29 and November 12. The Missouri earth 

quake of August 19 also was felt in Illinois.
Maine: Moderate shocks on August 2 and 26.
Massachusetts: Several light shocks on August 2.
Missouri: Slight shock on July 3. A shock approaching destructive intensity 

occurred on August 19.
Montana: Slight shocks on August 3 and December 2.
Nebraska: Slight shocks on May 11 and November 7. A rather strong shock 

occurred on July 30 in the northwestern part of the State.
Nevada: A widespread shock of intensity VIII or IX on January 30 in the 

Excelsior Mountains near the California border. This was one of the 
most important earthquakes of the year. Preceded by a strong foreshock 
the same day. There was also a weak shock at San Jacinto on March 12.

New Mexico: Slight shocks on January 7, February 28, and May 6 and 7.
New York: A moderate shock on April 14 in the Adirondack Mountains near 

Lake Champlain. Slight aftershock on June 5.
Oklahoma: The north Texas earthquake of April 11 was felt over a small 

area in Oklahoma.
Oregon: Slight shock on July 6.
Pennsylvania: Moderate shocks on October 29 and November 5 in northwest 

ern part.
South Carolina: Moderate shock on December 9.
South Dakota: Slight shocks on January 29 and August 29.
Tennessee: Moderate shock in southwestern part on July 2.
Texas: Moderate earthquake on April 11 in northeastern part.
Utah : A shock of intensity VIII originating at the north end of Great Salt Lake 

on March 12 was one of the most important of the year. There was a 
strong aftershock the same day, and two others, fairly strong, on May 6 
and June 2. There was a slight shock near the southern border on 
December 25.

Vermont: Two slight shocks in the Lake Champlain region on April 10. The 
New York earthquake of April 14 also was felt in Vermont.

Virginia: Slight tremors on April -2.
Washington: Fairly strong shocks occurred in the Puget Sound region on 

February 6, May 4, and November 3. Lighter shocks in this region and 
in other parts of the State occurred on January 1, February 7, March 9, 
10, and 17, April 28, May 10, and September 14 and succeeding dates. 
The feature of the seismic activity in the State was the "swarm" type 
of shocks in the region of Bllensburg about the middle of September. 
They continued throughout the rest of the year with intensity ranging 
as high as V.

Wyoming: Slight shocks on March 13 and May 20, and a moderate one on 
November 23.

Alaska: A large number of slight shocks were reported during the year, prin 
cipally in the region of the Kenai Peninsula. The stronger shocks oc 
curred on February 11, May 3 and 14, June 6 and 17, August 1, and 
November 28.
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Hawaiian Islands: A moderate shock on May 10 at Hawaii.
Puerto Rico: Slight shock on August 2.
Philippine Islands: Strong shocks reported on January 29, February 14, June

6, and November 26 and 27. None was of outstanding importance. 
Panama Canal Zone: A number of destructive shocks occurred on July 17,

21, and 23. They were generally felt throughout the Republic.
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NORTHEASTERN REGION

[75th meridian or eastern standard time]

January 30: 5:30. South Windsor, Conn., IV. Three shocks accompanied by 
distinct rumblings awakened many South Windsor residents. No damage.

April 10: 22:00. Burlington, Vt. Slight shock of short duration. Felt also 
in Rutland and Montpelier, Vt., and recorded weakly on the seismograph 
at Burlington.

April 10: 22:24. Burlington, Vt. Another slight shock felt apparently center 
ing further away than the shock of 22: CO1, according to the seismograph 
record.

April 14-' 21:58.* Adirondack Mountains near Lake Champlain. Maximum in 
tensity V or VI. Area affected a,bout 8,000 square miles, including parts 
of New York, Vermont, and Quebec. (See map below.) The origin 
as determined from seismographic data obtained at Burlington, Vt, and 
Harvard, Mass., was 44.5° north, 73.9° west. This is about midway between 
Saranac Lake and Plattsburg. The strongest movements were reported from 
the general region of Beekmantown, Plattsburg, and Keeseville.

An unverified report from Beekmantown, N. Y., stated that a house was 
moved 2 inches off its foundation. This report would place the maximum 
intensity at VI or more on the modified Mercalli scale, but the other 
reports indicate a maximum of V. It was reported felt at Montreal, which 
is considerably outside the general limit of perceptibility.

INTENSITY V:
Beekmantown. N. Y. House reported to have shifted 2 inches on foun 

dation. Intensity VI?
Danncmora, N. Y. Trembling motion felt by nearly everyone; some 

alarmed. Accompanied by moderately loud bumping noise.

FIGURE 2. Area affected by the northern New York earthquake of April 14, 1934.

Keeseville, N. Y. Buildings swayed, cracking plaster slightly and break 
ing a few dishes; chandeliers and floor furniture noticeably disturbed.

Lake Placid, N. Y. Houses shaken and windows rattled violently in all 
sections of city for 30 seconds.

Ma-lonc, N. Y. Houses swayed and a few residents left their homes; 
a rapid succession of tremors lasting only a few seconds; sensation like 
that of a heavy truck passing along street; desk swayed on second floor 
of hospital; many telephone calls.

rnittsburfi, .V. 1'. A shock lasting about 30 seconds, generally felt; a 
few*" houses swayed slightly; some pedestrians thought road seemed to 
heave. There were hundreds of telephone calls. Some reported it the 
strongest shock felt in 9 years. The shock was accompanied by thunderous 
subterranean noises.



8 COAST AND GEODETIC SUEVEY 1934

Saranao Lake, N. Y. One sharp shock felt by everyone, followed b> 
noise like sharp blast; buildings swayed; stoves moved; floors moved with 
a wavy motion as on ship at sea; plaster cracked. No serious alarm. 

INTENSITY IV:
Bangor, Constable, Chateaugay, Gabriels, Lawrence, Moira, Peru, Port 

Henry, St. Regis Falls, Willsboro, and Westport in New York; Burlington, 
Cambridge Junction, Charlotte, Enosburg Falls, Fort Ethan Alien, Grand 
Isle, Northfield, St. Albans, St. Johnsbury, and South Hero in Vermont. 

INTENSITY III AND UNDER:
Brasher Falls, Canton, Clinton, Crown Point, Rouses Point, and Pots 

dam in New York; Bakersfield, Barre, Barton, Bolton, Chelsea, Hyde 
Park, Middleburg, Milton, Montpelier, Newport, North Troy, Orleans, 
Rochester, Sheldon Junction, Starksboro, Swanton, and West Berlin in 
Vermont; Montreal in Canada.

Not felt at Ausable Chasm (This report is somewhat anomalous in view of 
the proximity of Keeseville, at which the report shows intensity V. Ed.), 
Champlain, Ellenburg, Ellenburg Center, Ellenburg Depot, Mineville, Nor 
wood, Tupper Lake, in New York; Alburg, Lowell, Richford, West Topham, 
Whiting, in Vermont.

A large number of fore- and after-shocks were recorded on the seismographs 
of Harvard University at Harvard, Mass., and the University of Vermont 
(Burlington). 
April 15: 13:05. Malone," N. Y. Slight aftershock felt by several. Felt also

at Dannemora. 
June 5: 15:11. Malone, N. Y., III. Bumping motion lasting about 15 seconds

felt by several.
August 2: 9:58. Gloucester, Mass., IV. A series of trembling movements at 

intervals of about 30 seconds lasted 4 minutes. Felt by many; few 
alarmed. Windows and loose objects rattled.

August 2: 9: 59. Portland, Maine, IV. A series of shocks lasting until 10:20. 
Reported felt by many along coast from Kennebunk to Freeport. Windows 
and dishes rattled. 

August 2: 12: 50. Portland, Maine, III. A second series of shocks lasting until
1:10. Felt also at Bayville, South Harpswell, and South Portland. 

August 2: 21:30. Portland, Maine, IV. The third and strongest of the day's 
series of shocks. Windows, dishes, and doors rattled; some small objects 
were displaced. Felt by many along the coast. 
IV at Portland, South Portland, and the islands of Casco Bay. 
Ill and under at Bayville, Brunswick, Fort McKinley, Freeport, Kennebunk. 
Old Orchard Beach, South Harpswell, and Yarmouth.
Not felt at Buxton Eagle, Fort Kent, Gorham, Limington, Sanford, Standish, 
Steep Falls, Westbrook.

August 26: 6: 36. Eastport, Maine, III. Two shocks, like explosions, followed 
by trembling, lasted 6 seconds. Felt also at Dennysville, East Machias, 
Edmunds, Lubec, and Perry.

Not felt at Frederickton, Roque Bluffs.

EASTERN REGION

[75th meridian or eastern standard time]

April 2: 21: 05. Near Petersburg, Va. Slight tremors lasted 20 minutes. Felt
by a few persons at rest. 

July 2: 21:10. Memphis, Tenn., IV. Felt in eastern section of Memphis,
where windows and dishes rattled, and switchboards were flooded with
calls from anxious residents. Felt also at Raleigh, Tenn. 

October 29: 15: 07.* Local shock of intensity V at Erie, Pa. Buildings swayed ;
people left theaters; dishes were shaken from cupboards. Gas blending
apparatus at gas company thrown out of commission. One woman thrown
from bed. 

INTENSITY IV at North East and Waterford. Felt at Edinboro, Girard,
and Mill Village. Not felt at Cambridge Springs, Corry, Spartensburg, or
North Girard.

November 5: 15: 00. Albion, Pa., III. Trembling motion. 
December 9: 5:00. Summerville, S. C., IV. Abrupt bump accompanied by

sound like distant thunder; felt by many.
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CENTRAL REGION

[90th meridian or central standard time]

January 29: 6:30. Newark, S. Dak., III. Awakened several; dishes rattled; 
rumbling sound.

April 11: 11:40.* Between Paris, Tex., and Hugo, Okla. Maximum intensity 
V. Area affected, about 3,000 square miles. Epicenter near Trout Switch, 
Tex. B. H. Sellards, of the University of Texas, made a personal survey 
of the affected territory, and the Bureau is indebted to him for the follow 
ing quotations from an unpublished report on the shock. He also made 
a study of available seismographic records but found them too weak to be 
of use in locating the epicenter. H. F. Wahlgren, of the local office of the 
Weather Bureau at Oklahoma City, made a material contribution by can 
vassing the affected area soon after the shock. See map below.

TREMOR REPORT POSITIVE 

TREMOR REPORT NEGATIVE 

THRUST FAULT Q^JoiKE, 

NORMAL OR GRAVITY FAULT

5CALE.
t.J^

L---1 ASSUMED EPICENTRAL REGION OF PRlMCIPAL 
   EARTHQUAKE. TREMOR.IROCKWALL' / I EARTHQUAKE. TREMOR. *

\  /-     -   -\ | CSP | REGION OF MAXIMUM INTENSITY OF E.ARTHQUAKL

MAP OF 
TEXA5-OKLAHOMA EARTHQUAKE OF APRIL 11,1934

BY

LH.SELLARDS 
FIGURE 3.

The following quotations are from Professor Sellard's report: 
"The following account of this earthquake is based on observations made 

on May 6 to 9, supplemented by news items which appeared in the press, 
and information gathered by circulars by the Bureau of Economic Geology 
of the University of Texas and by the United States Coast and Geodetic 
Survey."
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"In the region of maximum intensity the tremor was sufficient to be very 
generally felt. A few persons left their houses following the shock and 
others were more or less frightened or disturbed. Two shocks were recog 
nized by many observers. No damage was done to buildings and no surface 
disturbance has been found. Over a small area the earthquake probably 
attained intensity V of the Rossi-Forel scale."

"The tremor was perhaps most distinctly felt at Powderly, Arthur City, 
Trout Switch, C'aviness, and Chicota in the northern part of Lamar County, 
Tex. (area marked by V in fig. 1). Probably 90 percent of the people of 
these five communities felt the tremor and many report having heard a 
noise. At North Powderly, preceding the shock, a noise was heard de 
scribed as 'like rumbling thunder a long way off.' At this place the 
earth jarred and quivered and dishes rattled in the houses. At Trout 
Switch, a few miles north of Powderly, a 'roaring' was heard followed 
by two tremors. Some persons were frightened and the disturbance was 
recognized as an earthquake. At Arthur City a 'rumbling' was heard by 
many. At Chicota, a few miles west of Arthur City, the shock is de 
scribed as having caused some persons to go out of their' houses. At 
Caviness the tremor apparently was sufficient to slightly disturb the foun 
dation of a frame house. At Hugo, Okla., two shocks were generally 
felt. It is estimated that 50 percent or more of the people at Hugo felt 
the shock. At Paris, likewise, one-half or more of the people felt the 
tremor. On the sixth and seventh floors of the Gibraltar Hotel in Paris 
lights swayed and the guests were alarmed."

"Careful inquiry indicates that the tremor was felt over an area which 
is greatly elongated in a northeast-southwest direction and is much more 
limited in the opposite direction, northwest-southeast. Thus, over a 
narrow belt the tremor was perceptible from Nevada in southeastern 
Hunt County, Tex., to Spencerville in Choctaw County, Okla., a distance 
in a northeast-southwest direction of about 100 miles. The width of the 
belt in a northwest-southeast direction, on the other hand, at no place 
exceeded 50 miles. The maximum width of the belt was attained in 
Oklahoma and as far south as Paris, Tex. South of Paris the belt across 
which the jar was perceptible to persons was no more than about 20 
miles wide in northwest-southeast direction."

"The faulting which must be postulated to account for the earthquake 
of April 11 does not coincide in all respects with either the Ouachita 
or Mexia fault zones. It does, however, lie almost if not exactly in the 
trend of the Balcones zone of faulting which is well developed in central 
Texas."

V at Powderly, Arthur City, Trout Switch, Caviness, and Chicota in 
Texas.

IV at Blossom, Brookstown, Kanawha, Paris, Post Oak, Razor, Sumner, 
and Woodland in Texas; Goodland, Grant, Hugo, and Virgil in Oklahoma,

III and under at Annona, Bagwell, Ben Franklin, Biardstown, Bogota, 
Caddo Mills, Campbell, Clarksville, Commerce, Cooper, Copeville, Detroit, 
Dial, Dimple, Enloe, Farmersville, Floyd, Greenville, Hugh, Howland, 
Johntown, Ladonia, Lake Creek, Manchester, Nevada, Pecan Gap, Roxton, 
and Wolf City in Texas; Boswell, Forney, Fort Towson, Sawyer, Soper. 
.and Swink in Oklahoma. A great many places at which the shock was 
not felt are not listed.

May 7:1: 31. Palmer, Mich. Fifty-two ton blast fired in Volunteer mine. 
Jfay 11: 4: 40. North Loup, Nebr., IV. Abrupt explosive shock accompanied 

by thunderous sounds; awakened many; windows rattled. Intensity IV 
Hlso at Horace and Scotia: III at Elyria.

July 3: 9:11.* Hayti, Mo. Slight shock felt. Recorded at St. Louis. 
July 30: 1:20. Chadron, Nebr., VI. A strong earthquake centering in Dawes 

County in the Nebraska panhandle was felt also in South Dakota, in 
Wyoming, and at Sterling, Colo. Area affected, approximately 23,000 
square miles. See map on page 11. At Crawford and Chadron, Nebr., 
it reached a maximum intensity of about VI. A few chimneys were 
damaged; some plaster fell; dishes and canned goods were thrown from 
shelves and cupboards. Guests were ordered from hotels and additional 
telephone operators called on duty to handle many calls from alarmed 
residents. Recorded at Denver and St. Louis.

VI at Chadron, Nebr. V at Crawford, Gordon, Hay Springs, and Mars- 
land, Nebr. IV at Alliance, Andrews, Antioch, Ashby, Belmont, Berea,
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Hemingford, McGrew, Minatare, and Mitchell, Nebr., and at Oelrichs, 
S. Dak.

Ill and under at Agate, Angora, Broadwater, Dalton, Ellsworth, 
Gering, Glen, Harrison, Hyannis, Irwin, Lisco, Lodgepole, Lyman, Mal- 
beta, Merriman, Morrill, Orella, Oshkosh, Redington, Story, Valentine, and 
Whitman, Nebr.; at Ardmore, Bower, Denby, Edgemont, Fairburn, Hepp- 
ner, Hillcrest, Hot Springs, Manderson, 8 miles southeast of Martin, Pine 
Ridge, Tuthill, and Wounded Knee, S. Dak.; at Jay Em, Lusk, Manville, 
Torrington, and Van Tassell, Wyo.; and at Sterling, Colo.

It was reported not felt at about 125 places.

41°---._
100 c

FIGURE 4. Area affected by the Nebraska earthquake of July 30, 1934.

August 19:18:47.* Rodney, Mo., VI. Area affected, about 28,000 square 
miles. A report on this shock by D. C. Bradford and C. G. Dahm appears 
in the Bulletin of the Seismological Society of America, vol. 25, no. 2, 
pp. 154 to 160. The following quotations are taken from that report:

The shock "occurred in the immediate vicinity of the station of Rodney 
on the Missouri Pacific Railroad midway between Cairo, 111., and Charles 
ton, Mo. This earthquake just reached destructive proportions * * *. 
At Charleston windows were broken, chimneys were overthrown or dam 
aged, and articles were knocked from shelves. At Cairo, Mounds, and 
Mound City, 111., as also in Wickliffe, Ky., the same effects were observed. 
The area thus affected by destructive force approximated 230 square miles."

"The intersection of the arcs from the three stations locates the epicenter 
at the point whose coordinates are 36.95° north latitude, 89.2° west longi 
tude. This point is almost precisely in the center of the area in which 
destruction took place." The stations referred to are St. Louis, Pittsburgh, 
and Georgetown.

At most of the places characterized below as intensity VI damage con 
sisted of broken or fallen chimneys, shattered windows, cracked plaster, 
and falling of articles from shelves.

VI at Cairo, Mounds, Mound City, and Thebes, 111.; Charleston, Mo.; 
and Wickliffe, Ky.

V at Crosno, East Prairie, Henson, and Wyatt, Mo.
IV at Allenville, Anniston, Benton, Cape Girardeau, Commerce, Lilbourn, 

Matthews, Morehouse, New Hamburg, Oran, Samos, Sikeston, and Van- 
duser, Mo.; Arlington, Bardwell, Burkley, Columbus, and Cunningham, 
Ky.; Miston, Tenn.; and Rector, Ark.

Ill and under at Ancell, Annapolis, Arcadia, Bell City, Bertrand, Blodgett, 
Bloomfield, Caruthersville, Chaffee, Como, Crowder, Dexter, Doniphan, Fes- 
tus, Frederickstown, Gray Ridge, Greeneville, Ironton, Jackson, Kelso, 
Kewanee, Knob Lick, Lutesville, Marston, Morley, Poplar Bluff, St. Gene- 
vieve, St. Louis, and St. Marys, Mo., at Alton, Anna, Belknap, Carbondale,



12 COAST AND GEODETIC SURVEY 1934

Grand Chain, Jonesboro, McClure, Metropolis, Olmstead, and Vienna, 111., 
at Ben ton, Chayce, Clinton, Mayfield, Moscow, Oakton, and Paducah, Ky., 
at Clarkesville, Dyersburg, Hornbeak, Martin, Obion, Paris, Ripley, Tip- 
tonville, and Union City., Tenn., and at Corning and Paragould, Ark.

August 19: 21:37. Cairo, 111. Slight aftershock felt by several. Felt also at 
Wickliffe, Ky.

August 29: 21:50. Academy, S. Dak., IV. Abrupt trembling motion accom 
panied by rumbling sound felt by many; small objects moved. Felt also at 
Pukwanna.

'88°

FIGURE 5. Area affected by the Rodney, Mo., earthquake of August 19, 1934.

October 29: 20:26*. Southeastern Illinois, IV. The following quotations are 
from an article on this shock by Cornelius G. Dahna, which appears in the 
Bulletin of the Seismological Society of America, vol. 25, no. 3, July 1935, 
pp. 253-257.

"The earthquake was felt over about 1,500 square miles of territory. The 
principal part of this area is shaped like an arrowhead. Within it a max 
imum intensity of IV in the Wood-Neumann scale was attained, though this 
was rather exceptional and was not true in the center of the area. An 
intensity of II-III was general in the region of perceptibility, but definite 
gradations were difficult to establish, since the earthquake was not very 
strong, and, as far as is known to the writer, caused no visible damage."

"The coordinates of the epicenter of the southeastern Illinois earthquake 
obtained by choosing the point of intersection of the arcs of Florissant and 
Little Rock are 37°31' N., 88°30' W. This epicenter lies in Pope 
County, 111., about 2 miles southeast of the little town of Hartsville, and 
is at approximately the center of the area in which the earthquake was felt.

"Perhaps the most striking and interesting feature of this little earth 
quake is that it seems to be correlated with a known fault. The epicenter 
lies on the Herod Fault at the point of intersection of another fault appar 
ently unnamed. Both faults are indicated on the Geologic Map of Illinois 
(1917) published by the Illinois Geological Survey."

The foliowing intensities are reported in the article:
IV at Equality, Junction, and Rosiclaire, 111.; Salem, Ky. Ill and under 

at Akin, Benton, Blairsville, Dale, Delwood, Derby, Dongola, Blizabethtown, 
Energy, Epworth, Gallatia, Golconda, Hamletsburg, Harrisburg, Hurst, 
Karbers Ridge, Ledford, Marion, McLeansboro, Muddy, New Columbia, Oak, 
Ridgway, Shawneetown, Simpson, and Sparks Hill, 111.; Birdsville, Joy, 
Lola, Vicksburg, Ky.; Evansville, Ind.
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November 7: 22:45. Wood Lake, Nebr., III. Abrupt bumping motion felt by 
several; building shook. Felt also 20 miles west of Wood Lake and at 
Johnson, Nebr.

November 12: 8:45. Rock Island, 111., V. A sharp shock rocked buildings 
noticeably in the tri-cities, Davenport, Iowa, and Moline and Rock Island, 
111. Strongest in Illinois, it was felt along the Mississippi from Daven 
port to Galesburg. In the tri-cities, some were alarmed; bricks tumbled 
from a few chimneys, a trolley pole left the wire, and some pendulum clocks 
stopped. In Rock Island a cornice was torn from a schoolhouse.

Felt also at Le Claire, Iowa, and at Aledo, Alexis, Biggsville, Cameron, 
Gerlow, Gladstone, Jay, Keithsburg, Little York, Millersburg, Monmouth, 
New Boston, Oquawka, Reynolds, and Roseville, 111. The shock was 
recorded on the seismograph at St. Louis.

WESTERN MOUNTAIN REGION

[105th meridian or mountain time]

January 4: 14:53.* Yuma, Ariz.; slight. Epicenter 32°42' North, 115°07' 
West, southeast of Holtville, Calif., according to Pasadena.

January 7: 18:32. Socorro, N. Mex., IV. Felt by several; plaster fragments 
fell; one vase shaken from mantel and broken on floor. Not felt in New 
Mexico at Belen, Engle, Luis Lopez, Magdalena, Polvadera, or San Acacia.

January 11: Between 0: 00 and 0: 30. Pearce, Ariz., IV. Felt by a number of 
people; small objects shaken from shelves.

February 28: Bernardo, N. Mex., IV. Felt by three people; small objects 
moved, plaster cracked and fell to floor; slight damage.

March 12: Several hours before the Utah shock, Demiston, Maqui, and 
Winslow, Ariz.; slight shock.

March 12: 8:06.* The Utah earthquake. An earthquake of intensity VIII 
originating near Kosmo, Utah, on the north shore of Great Salt Lake 
affected an area of about 170,000 square miles including parts of Montana, 
Idaho, Wyoming, and Nevada. See map on page 14. Due to the sparsity 
of population there were no fatalities and very little damage; mostly 
demolished chimneys and cracked walls in poorly constructed buildings. 
Two deaths, however, were attributed indirectly to the shock. The epi 
center was located at 41.7° North, 112.8° West. There was considerable 
faulting in the epicentral area.

Through the courtesy of the Director of the U. S. Geological Survey, the 
Bureau is enabled to present on page 43 an excellent description of the 
earthquake consisting almost exclusively of extracts from an unpublished 
report by Philip J. Shenon, of the Geological Survey, who made a personal 
investigation of the affected area and gathered much information of 
scientific value. Mr. Shenon took an active part in the preparation of 
the isoseismal map presented in this publication and furnished data which 
could not have been obtained through ordinary channels. The illustra 
tions are from Mr. Shenon's report.

The outstanding feature of the shock was the emission of large quan 
tities of ground water from fissures and craterlets. This seems to be 
related at least to some extent to changes of level observed in the epicen 
tral area before and after the earthquake. In 1911 a precise level line 
was run through the region by the Coast and Geodetic Survey and re 
peated in May 1934, when a maximum drop of 39 centimeters was dis 
covered, decreasing, of course, toward the margins of the epicentral area. 
A. special preliminary report entitled "Releveling Vicinity of Kosmo, 
Utah" was issued by the Bureau in January 1935.

The onset of the shock was abrupt. There was no foreshocks but the 
usual aftershocks continued for two days after the main shock. Only one 
of the aftershocks was of outstanding intensity that at 11:20 a. m. on 
the same day. 

INTENSITY VIII:
Kosmo. Fissures, holes, cracks, and springs appeared in the ground. 

All chimneys down. Poorly constructed brick building severely cracked. 
Trapper reported to have fallen and unable to rise until shock was 
over.
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120° 38 36° 116 J

FIGURE 6. Area affected by the Utah earthquake of March 12, 1934.
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Halfway between R,osmo and Salt Wells. Observer thrown to ground 
and could not rise; car rolled back and forth over ground; cracks ap 
peared on each side of observer.

Monument. Fissures, holes, and 40 new springs appeared; rockslides. 
AH chimneys down.

INTENSITY VII:
Bat-chus. Cracked plaster, windows, walls and chimneys. Damage con 

siderable.
Blue Creek. Damage considerable.
Hooper. Chimneys fell. Damage slight.
Kelton. Chimneys fell. Storekeeper became frightened and tried to 

reach door, but ground shook so much he could not stand.
Locomotive Springs. Chimneys fell; buildings were weakened and 

boards loosened from sides of house. Considerable damage. Springs in 
creased their flow.

Promontory. Cracked chimneys.
Snowville. Water main broken. Wooden cornice cracked and loosened 

at schoolhonse, and plaster fell from walls; most chimneys down. Brick 
store building cracked, and one wall caused to bulge.

INTENSITY VI IN UTAH :
Aragonite. Rock fell from face of quarry cut.
Charleston. Broke windows; chimneys fell; damage considerable.
Fa-rminyton. Shenon reports intensity VII on the Rossi-Forel scale.
Grant »vttle. Shenon reports intensity VII on the Rossi-Forel scale.
Lakeside. Felt by all; spilled water ; no damage. Shenon reports in 

tensity VII on the Rossi-Forel scale.
Layton. Shenon reports intensity VII on the Rossi-Forel scale.
Logan. Plaster cracked and fell in many structures; a few old build 

ings cracked badly ; plate-glass window broken ; quake was accompanied 
by subterranean sounds.

MUlville. Chimneys fell; damage slight.
J'ark Valley. Cracked plaster; autos swayed back and forth; quake 

accompanied by thunderous roaring sounds. School children became 
panic-stricken and jumped from windows. Shenon reports intensity VII 
on the Rossi-Forel scale.

Salt Lake City. Plaster fell; windows broken; walls cracked. Two 
buildings rubbed together. People fled buildings.

INTENSITY VI IN IDAHO:
Burley. Shenon reports intensity VI on the Rossi-Forel scale.
Malarl City. Cracked plaster and damaged chimneys; damage slight.
Preston. Walls cracked; plate-glass window broken. Wall of school- 

house forced 6 inches away from side wall ; several poorly constructed 
buildings damaged. Several chimneys down.

INTENSITY V ix UTAH :
Bert. Felt by all.
Bingliam Canyon.
Bountiful. Frightened few.
Cache Valley. Walls cracked.
Coll ins ton. Overturned small objects ; damage slight.
Corinnc. Plaster cracked ; damage slight. Faint subterranean sounds.
Cutler. Windows broken.
Deirei/ville. Overturned small objects; damage slight.
Garland. Plaster fell ; people ran from houses.
Gold Hill.
Hyde Park. Chimneys slightly damaged.
Ibapali.
Lofgreen. Chimneys twisted ; damage slight.
Lucin.
Lynn. Felt by all; furnishings moved.
Lynndyl. Plaster, walls, arid chimneys reported cracked, and chimneys 

twisted: damage slight.
Magn-a. Windows broken.
Morgan. Plaster cracked.
Murray. Plaster and walls cracked slightly.
Newton. Overturned vases ; broke dishes; spilled water.
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Ogden. Cracked plaster. In an electric store about 35 chandeliers, hang 
ing from the ceiling and spaced about 2 inches apart, were caused to swing 
clockwise in circular paths with radii of about 12 inches, both in the main 
shock and in the aftershock at 11:20. They swung without colliding, 
although their lengths were not equal. A water tank swayed "like a tree 
in a heavy windstorm." Much of the water was splashed out of it.

Paradise. Cracked plaster.
Peterson. Cracked plaster; damage slight.
Richmond. Cracked plaster.
Roy. Plaster fell; walls cracked; damage slight.
Tooele. Groceries thrown from shelves; one window broken.
Wendover.
Yost. Overturned small objects.
INTENSITY V IN IDAHO:
AlUon. One chimney down.
American Falls. Cracked plaster slightly.
Arimo. Cracked plaster slightly.
Chesterfield. Cracked plaster and chimneys; damage slight.
Lava Hot Springs. Cracked plaster; damage slight.
Milner. Cracked plaster ; damage slight.
Oakley. Cracked plaster slightly.
Pocatello. Cracked plaster..
River dale. Stowed, clocks; spilled water.
Rupert. Cracked plaster slightly. Shook schools so hard that they 

were closed until inspected.
Twin Falls. Cracked plaster slightly.
INTENSITY V IN NEVADA :
Elko. Moved furnishings; spilled water.
Eureka.
San Jadnto. Furnishings moved.
Intensity IV in Utah: Brigham, Callao, Cedar Fort, Cedar Valley, Delta, 

Devils Slide, East Promontory, Eureka, Fielding, Goshute Indian Reserva 
tion, Indian Springs, Manila, Oasis, Richfield, Silver City, Springville, Tre- 
monton, and Willard.

Intensity IV in Idaho: Aberdeen, Bellevue, Blackfoot, Fairfield, Ida- 
home, Mountain Home, Muldoon, Paris, Vernon, and Yale.

Intensity IV in Nevada: Arthur, Battle Mountain, Carlin, Cobre, Metrop 
olis, Midas, Red House, Shafter, and Tobar.

Intensity IV in Wyoming: Evanston, Fossil, Granger, Kemmerer, and 
Rock Springs.

Intensity III or or less in Utah : Abraham, Birdseye, Charleston, Fountain 
Green, Hoytsville, Keetley, Laketown, Linwood, Pleasant Grove, Provo, 
Salem, Venice, and Woodruff.

Intensity III or less in Idaho: Aroo, Boise, Castleford, Gooding, Hailey, 
Hamrfiett, Hatch, Holbrook. Hot Spring, Howe, Idaho Falls, Mackay, 
Obsidian, and Sterling.

Intensity III or less in Nevada: Black Forest, Ely, Halleck, Lovelock, 
Mindosa, North Fork, Oceana, Owyhu, Palisades, Reno, Sutcliffe, Tusca- 
rora, Unionville, and Valmi.

Intensity III or less in Wyoming: Cheyenne, Eden, Frontier, Green River, 
Lander, Laramie, Moran, Mountain View, Rawlins, Wind River, and Yel- 
lowstone Park.

Intensity III or less in Montana: Ennis, Twin Bridges.
Intensity III or less in Colorado: Craig.
Not felt in Utah: Altonah, Antimony, Burrville, Clear Lake, Elmo, 

Ephraim, Escalante, Fairview, Fillmore, Fort Duchesne, Glendale, Green 
River, Hanksville, Hayden, Junction, Kanosh, Kenilworth, Lasal, Lund, 
Manti, Mayfield, Moab, Mohrland, Mountain Home, Mt. Pleasant, Nephi, 
Paiute Indian Agency in Beaver County, Parowan, Randlette, Rockville, 
Roosevelt, Scofield, Soldier Summit, Springdale, Summit (Iron County). 
Torrey, Tropic, Veyo. Watson

Not felt in Idaho: Avery, Blanchard, Broten, Burke, Calder, Canfield, 
Cascade, Centerville, Challis, Claystone, Clementsville, Goeur D'Alene, 
Cottonwood, Craigmont, Darlington, Dent, Dixie, Elk River, Ferdinand, 
Forest, Fruitland, Gibbonsville, Glengary, Grangerville, Guyaz, Hayden 
Lake, Island Park, Kamiah, Lake, Lenore, Lewiston, Lucile, Masonla,
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Meadows, Medimont, Mesa, Montour, Myrtle, New Meadows, North Fork, 
Orogrande, Pardee, Payette, Pine, Potlatch, Princeton, Riggins, Saint An 
thony, Santa, Springston, Sugar, Sweetwater, Tensed, Troy, Vay, Wallace, 
Weiser, White Bird, Winchester.

Not felt in Nevada: Austin, Beowawe, Carp, Flanigan, Goldfield, Jean, 
Las Vegas, Moapa, Panaca, Searchlight, Silver Peak, Smith, Verdi.

Not felt in Wyoming: Acme, Baggs, Bonneville, Buffalo, Clareton, Cora, 
Deaver, Ervay, Filmore, Garland, Garrett, Hanna, Holt, Ishawooa, Keeline, 
Lingle, Lucerne, Manville, Mills, Orin, Passaic, Pitchfork, Recluse, Ross, 
Scofield, Shawnee, Sheridan, Split Rock, Sussex, Tensed, Underwood, 
Wamsutter, Wilson.

Not felt in Montana: Dillon. 
Not felt in Oregon: The Dalles.
The earthquake was followed by many aftershocks. The strongest of 

them occurred at 11:20 on the same day as the main shock. The number 
noted each day, as compiled from various sources, and especially from 
a report by Lonnie F. Ball and Claud R. Bird, of the United States Weather 
Bureau at Salt Lake City, based on the Locomotive Springs Radio Station 
log, was as follows: March 12, many weak aftershocks, too many to count, 
and one strong one at 11:20. March 13, 48 shocks of varying intensity. 
March 14, 42 shocks of varying intensity. March IS, 23 shocks of varying 
intensity. March 16, 4 weak shocks.

March 12: 11:20*. The intensities for this shock are very unreliable, as in 
nearly every instance they were reported jointly with the shock at 8:06 
without any distinction as to intensity. For this reason no intensities are 
listed. The shock was usually reported as slightly less severe than, that at 
8: 06 and was reported felt at the following places:

UTAH : Blue Creek, Bountiful, Bingham City, Cedar Fort, Clarkston, 
Collinston, Corinne, Devils Slide, Deweyville, Fielding, Hoytsville, Hyde 
Park, Indian Springs, Laketown, Lofgreen, Logan, Lucien, Lynn, Lynndyl, 
Millville, Murray, Newton, Ogden, Paradise, Park Valley, Provo, Richmond, 
Roy, Salt Lake City, Tooele, and Tremonton.

IDAHO : Aberdeen, Albion, Arco, Bellevue, Boise, Chesterfield, Gooding, 
Hammett, Hatch, Holbrook, Hot Spring, Howe, Idahome, Lava Hot Springs, 
Malad City, Milner, Muldoon, Oakley, Paris, Pocatello, Preston, Twin Falls, 
and Yale.

NEVADA : Elko, Metropolis, San Jacinto, and Shafter. 
WYOMING : Cheyenne, Fossil, Green River, Kemmerer, and Mountain 

View.
March 12: 12:04. San Jacinto, Nev., IV. Frightened few; buildings swayed. 

Elko, Nev., III.
March IS: 2:13. Yellowstone National Park, Wyo., IV. Pendulum clocks 

stopped; small objects moved.
March 15: 5:00. Twin Falls, Idaho, IV. Windows rattled, walls creaked, 

hanging objects swung.
March 17: 15:48. Newton, Utah, II.
March 17: 16:30. Arimo, Idaho, slight.
April 6: 19: 16. Salt Lake City, Utah, III. Felt also at Pocatello, Idaho.
April U,: 14:28. Ill at Newton and Salt Lake City, Utah; and at Hatch and 

Pocatello, Idaho.
April 28: 2: 30. Burley, Idaho, IV. Windows, doors, and dishes rattled; walls 

creaked.
April 28: 3:00. Burley. Idaho, slight.
April 28: 23:10. Burley. Idaho, slight.
May ft: 1:10. A strong shock, apparently an aftershock of the Utah quake of 

March 12. It was reported most strongly from Salt Lake City, Utah, and 
Preston, Idaho, where the intensity probably reached VI. It was felt gen 
erally over northern Utah and southern Idaho.

All places in Utah unless othencise stated

INTENSITY VI:
Twenty miles east of KeMon. Much harder than at Kelton. 
Locomotive Springs. Felt strongly; walls creaked. 
Preston, Idaho. Cracked plaster.
Salt Lake City. A few windows broken; pajama-clad crowds rushed into 

the streets; shock described as "worse than the one a month ago."
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INTENSITY V:
Kelton. Moved small objects and furnishings.
Ogden. Pendulum clocks facing west stopped; spilled water N-S from 

indoor containers. 
INTENSITY IV:
Bingham Canyon. Windows, doors, and dishes rattled. 
Hurley, Idaho, Windows, doors, and dishes rattled; walls creaked; 

"about six vibrations, the first hardest."
Qrantsville. Windows, doors, and dishes rattled; walls creaked. 
Layton. Windows, doors, and dishes rattled.
Lucin. Walls creaked; small objects moved; "accompanied by dull, 

growling sound."
Lynn. Windows, doors, and dishes rattled; walls creaked. 
Malad City, Idaho. Windows, doors, and dishes rattled. 
Morffan. Windows, doors, and dishes rattled; walls creaked. 
Peterson. Windows and doors rattled. 
Seven miles west of Ogden. Moved floor lamp. 
Pocatello, Idaho. Felt by many; buildings swayed. 
Rupert, Idaho. Walls creaked.
Intensity III or under: Corinne, Salt Lake Airport, Tooele, Wendover. 
Not felt in Utah: American Fork, Clear Creek, Fairview, Heber, Milford, 

Nephi, Payson, Provo, Randolph, Roverton, Santaquin. 
Not felt in Idaho: Gooding, Idaho City, Idaho Falls. 

May 6: 1:30. Malad City, Idaho, IV. Vase shaken from radio. 
May 6: 22:22. Silver City, N. Mex., V. Several cracks in old adobe houses; 

"great excitement prevailed for some time." IV at Fort Bayard, N. Mex., 
where small objects were moved. Felt also at Central, Hurley, and Santa 
Rita, N. Mex.

May 7: 18:15. Magdalena and Socorro, N. Mex., III. 
May 7: 21:00. Magdalena, N. Mex. Moderate shock.
May 14: 6:14.* Yuma, Ariz., III. "Too short to set up vibrations appar 

ently, hardly rattled the windows." Epicenter at 31°00' north 114°30' west, 
approximately (upper part of Gulf of California), according to Pasadena. 

May 20: 4:30. Yellowstone Park, Wyo., III. Windows and doors rattled. 
June 2: 5:49. Salt Lake City, Utah, II.
August 8: 19:20. Cascade, Mont., IV. Barn creaked, hanging objects swung. 
November 23: 16:40. Lander, Wyo., V. Crack in brick building reported to 

have widened half an inch; furnishings moved; persons vacated office build 
ings. Strong also at Atlantic City, from Fort Waskakie to Dubois, at 
Green 'River, and at South Pass City, Wyo. Felt also at Riverton and 
Rock Springs, Wyo. Not felt at Casper, Wyo. 

December 2: 6:05. Creston, Mont., IV. Loose objects rattled, bed shook;
"accompanied by dull rumble like thunder." Ill at Kalispell, Mont. 

December 25: 3:00. Kanab, Utah, IV. Loose objects rattled, small objects
moved. 

December 25: 3:20. Fredonia, Ariz., IV. Frightened few.

CALIFORNIA AND WESTERN NEVADA

[120th meridian or Pacific standard time] 

All olaae.s are in California unless otherwise stated

January 3: 5:10. Huntington Beach, light shock.
January 5: 14:55. Huntington Park IV. Also felt at Seal Beach.
January 5: 15:08.* Eastern part of Los Angeles, IV. Also felt elsewhere

in Los Angeles, at Anaheim, and at Burbank. Epicenter 33°58' north,
118°09' west, according to Pasadena. 

January 7: 6:12. Balboa, IV. 
January 8: 23 : 43.* Hawthorne, Nev., IV. 
January 9: 6:10.* A sharp shock of intensity V felt most strongly in the

southeastern section of Los Angeles and Huntington Park. Epicenter
34°06' north, 117°41' west, according to Pasadena. Felt over a land area
of about 7,500 square miles. See map facing p. 20. 

Intensity V: Southeastern Los Angeles. 
Intensity IV: Cajon, Chino, El Mirage, Elsinore, Guasti, y2 miles south

of Hollywood, Huntington Park, La Verne, Los Angeles (certain sections),
Moreno, Riverside, San Dimas, Summit, Tujunga, and Upland.
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Intensity III and under: Acton, Anaheim, Azusa, Beaumont, Claremont, 
Colton, El Modena, Etiwanda, Glendale, Lomita, Los Angeles (certain 
parts), Mentone, Pasadena, Placentia, Romona, Redlands, San Bernar- 
d.ino, San Gabriel, San Juan C'apistrano, Santa Ana, Seal Beach, Seven 
Oaks, Victorville, Warner Springs, and West Hollywood.

January 9: 6:29. Montebello, IV.
January 11: 22: . Rio Vista, IV.
Janua-ry 12: 4: 50. Los Alamos, IV.
January 12: 5:]2(?) Huntington Park, III.
January 12: 5:30. Llano, III.
January 13: 14: 26.* Keen Camp, IV. Epicenter 33°30' north, 116°55' west, 

according to Pasadena.
January 13: 21:17.* Inglewood, V. Rapid motion lasted 4 seconds. Awak 

ened and frightened many. Overturned small objects, cracked plaster. 
Slight damage. Epicenter 33°58' north, 118°35' west, according to 
Pasadena.

January l.'f : 4: 52.* Huntington Beach, slight. Epicenter 33°34' north, 117°59' 
west, according to Pasadena.

January 15: 3: 30.* Huntington Beach, slight. Epicenter 33°34' north, 117°59' 
west, according to Pasadena.

January 15: 3 : 35.* Huntington Beach, slight. Epicenter 33°34' north, 117°59' 
west, according to Pasadena.

January 16: 22:43.* Upland, III. Epicenter 34°06' north, 117°41' west, ac 
cording to Pasadena.

January .77:18:14.* Chino and La Verne, III. Epicenter 34°06' north, 
117°41' west, according to Pasadena.

January 17: 18:19. Riverside, IV. Felt also at Los Angeles, San Juan Capi- 
strano, and Upland. Not generally felt in northern part of Orange County.

January 19: 13:20. Glendale, II.
January 20: 2: 28.* Huntington Beach, slight. Epicenter 33°34' north, 117°59' 

west, according to Pasadena.
January 20: 5:45 (about). Bishop, III.
January 20: 13:17.* Two shocks close together, of intensity IV at Bell, 

Hynes, and Seal Beach. Epicenter 33°37' north, 118°07' west, according 
to Pasadena, Felt also at Oompton, Hermosa Beach, Huntington Park, 
Long Beach, Los Angeles, San Juan Capistrano, and San Pedro. Not felt 
at Burbank, Glendale, or other San Fernando Valley cities.

January 20: 15:15. Long Beach, IV.
January 22: 23:38. Felt by a few in Eureka and Ferndale. Focus about 28 

miles from the Ferndale station, according to Berkeley.
January 23: 11: 50 or 23 : 50. Seal Beach, felt.
January 25: 14:46.* Los Angeles, III. Epicenter 33°58' north, 118°20' west, 

according to Pasadena.
January 25: 20: 31.* Huntington Beach, weak. Epicenter 33°34' north, 117°59' 

west, according to Pnsadena.
January 26: 4: 01.* Bell, IV. Very slight at Los Angeles. Epicenter 33°55' 

north, 118° 10' west, according to Pasadena.
January 26: 4 : 20. Bell, slight.
January 26: 4:21.* Bell, III. Epicenter 33°55' north, 118°10' west, accord 

ing to Pasadena. At Los Angeles, fairly sharp jolt generally felt.
January 26: 15:09.* Huntington Beach, felt. Epicenter 33°35' north, 118°10' 

west, according to Pasadena.
January 27: 20:21. Huntington Beach, III.
January 28 to January 31: A series of blasts in the construction of the Golden 

Gate Bridge at San Francisco.
January 29: 19:12.* Benton, III. Hazel Creek, "three light shocks in 25 

minutes." Felt at Hawthorne.
January 30: 11:05. Potts, Nev., IV. Smoky Valley, Nev., felt.
January 30: 11:17.* Hawthorne, Nev. Slight quake lasting about 5 seconds.
January 30: 11: 24.* A strong foreshock of the destructive shock at 12:17 the 

same day. Mina, Nev., VII, broke dishes and windows, chimneys fell, 
damage slight, schools dismissed. Hawthorne, Nev., VI, cracked plaster; 
knickknacks and books fell, trees and bushes shaken strongly, damage 
slight.

Yerington, Nev., VI. Plaster chipped from old cracks, paint fell from 
shelves in hardware stores, cracked wall of courthouse.
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Intensity III and under: Bakersfield, Benton, Fresno, Porterville, Sacra 
mento, and San Jose, Calif., and at Ely, Fallon, Schurz, Stillwater, and 
Thorne, Nev. 

January 30: 11:30. Fallon, Nev. Quite perceptible; preceded by commotion
among birds. lone, Nev., III. Felt at Hawthorne, Nev. 

January 30: 11:42. Potts, Nev., IV. Sharp, Nev., III.
January 30: 12:17.* A widespread shock of intensity VIII or IX centering 

in the Excelsior Mountains, Nev., near the California border. The epi 
center was close to 38°17' north, 118°22' west, which is the location of a 
fault reported by Engene Callaghan, of the United States Geological 
Survey, and Vincent P. Gianella, of the University of Nevada, in a report 
on the shock appearing in the Bulletin of the Seismological Society of 
America, Volume 25, No. 2, April 1935. The reader is referred to this 
report for many interesting details. The instrumental epicenter reported 
by Pasadena before the field survey was made was 38°23' north, 118°07' 
west.

The area affected was about 110,000 square miles on land. See map fac 
ing page 20. Although the intensity in the epicentral area was unusually 
high, there was very little damage because the region is practically un 
inhabited. The shock was recorded at teleseismic stations all over the 
country and on the strong-motion seismographs at Bishop and San Jose, 
Calif.

The following quotations of general interest are taken from the report 
of Callaghan and Gianella. They supplement to some extent the de 
scriptive material given on page 21.

"This shock is of particular interest as jt is the fifth of a series of six 
moderate to strong earthquakes, exclusive of aftershocks, originating in the 
Great Basin during a period of 15 months. A period of unusual seismic 
activity is indicated.

"The damage was relatively slight. Nevertheless, the following items 
may be listed: A few broken chimneys and the falling of a small section of 
brick wall at Mina, collapse of two walls of an adobe cabin at Marietta, 
partial destruction of stone cabin at Candelaria, cracks in concrete at 
Hawthorne, and destruction of a pipe line and pump house by rolling rocks 
at the Silver Dike mine in the eastern part of the Excelsior Mountains. 
There was no loss of life and no injuries were reported.

"Because of the sparse population and scarcity of structures no accurate 
determination of the strength of the shock was possible. It would prob 
ably be in the neighborhood of VIII or IX.

''The earthquake produced many of the usual effects including land 
slides, dust clouds, boulders rolling down slopes, changes in the flow of 
springs, fissures in alluvium, damage to structures, and fright and nausea 
among people. Springs along the northwest side of Teels Marsh were re 
ported to show increased flow and by the middle of April the water supply 
to the mill at Silver Dike failed. A large landslide on the mountain west 
of Teels Marsh was observed by people at Marietta. Smaller rockslides 
were noted at various places in the Excelsior Mountains. Boulders were 
rolled down steep slopes almost everywhere in the Excelsior Mountains and 
in some of the nearby ranges. The writers observed that numerous 
boulders were rolled down near the foot of the mountains, but few in the 
summit area. This might be due to the more gentle slopes of the summit 
area, but may indicate a more severe shaking at the margins. Banks of 
the washes were shaken down in many places. The walls of a clay pit 
near Sodaville were reported to have caved. The desert soil was dry at 
the time except where covered by snow in the summit area of the 
mountains, and dust clouds, caused by the agitation of the surface of the 
ground, were noted by all persons interviewed by the writers who had a 
view over a considerable distance at the time of the strong shock. Ob 
servers at widely separated points reported seeing ground waves with a 
systematically progressing dust cloud in front of them, but this impres 
sion was not corroborated by others. A stockman who was in the moun 
tains south of Whisky Flat stated that balanced rocks and dead trees 
vibrated rapidly through a small arc and that the living pinon pines 
swayed through a large angle."

"Earthquake fissures in alluvium were found in three localities, one about 
y% mile up the wash above Pepper Spring south of Garfield Fat, another on
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the northwest side of Teel's Marsh, and the third at the Endowment mine 
about 3 miles north of Marietta.

"A break in the surface of the ground along the trace of an old fault 
extends for approximately 4,500 feet across the ridges on the south side of 
the Excelsior Mountains &A miles north-northwest of Marietta. The aver 
age trend is north 65° east. The old fault is marked by a broad crush zone 
within metamorphic rocks. The contact of the metamorph'ic rocks with the 
volcanic rocks lies a short distance to the north but does not reach the 
fault. The fault trace is deeply eroded and is followed by gulches through 
part of its length. There is no scarp or other indication of relative move 
ment prior to the earthquake. The earthquake scarp has a maximum 
height of 5 inches, and the fissures are open as much as 3 inches. The dis 
placement is everywhere toward the northwest, that is, the summit area of 
the range has dropped with respect to the south side. The dip, as shown by 
the curve up the gulches, is approximately 73° to the north-northwest. The 
fault is not a continuous break throughout, but in many places, particularly 
toward the ends, it consists of open fissures en eclielon which trend ap 
proximately 10° more toward the north than the direction of the fault."

INTENSITY vn IN NEVADA:
Mina. Broke many windows and cracked plaster and walls. Water 

pipes broken at joints and power lines out of commission.
Silver Dyke (near Mina). Huge boulders dislodged causing landslides; 

pump moved from foundation, truck jolted off ground by vertical force; 
quake traveled in waves, throwing huge boulders from the hillsides and 
raising great clouds of dust in the valleys.

West of Sodaville. Landslides.
INTENSITY vi IN NEVADA:
Hawthorne. People hurried from homes, bottled goods thrown from 

shelves, small objects overturned.
INTENSITY v IN NEVADA :
Dixie Valley. Moved small objects, spilled water, cracked plaster; 

damage slight.
Fallon. Overturned vases in few cases, cracked plaster, trees and 

bushes shaken slightly, damage slight.
Goldfield. Frightened many, moved small objects, cracked plaster.
Hazen. Small objects moved, trees and bushes shaken moderately, dam 

age slight.
Luning. Frightened all, moved small objects, knickknacks fell, trees 

and bushes shaken strongly.
lone. Moved small furnishings, spilled water west.
Schurz. Moved small objects, cracked plaster, buildings shaken slightly.
Yerington. Moved small objects, cracked plaster, damage slight.
Intensity IV in California: Benton, Big Creek, Big Trees, Bishop, Boca, 

Bridgeport, Broderick, Camino, Dinuba, Douglasflat, El Portal, Fresno, In 
dependence, Jamestown, June Lake, Kerman, Livingston, Lodi, Lone Pine, 
Los Banos, Manteca, Merced, Nevada City, Oakdale, Owenyo, Pine Ridge, 
Porterville, Sonora, Stanislaus, Stockton, Topaz, Tracy, and Tulare.

Intensity IV in Nevada: Austin, Broken Hills, Carson City, Dayton, 
Gerlach, Lovelock, Mason, Minden, Pyramid, Smith, Steamboat, Stillwater, 
Thorne, Wabuska, Wellington, and Zephyr Cove.

Intensity III and under in California: Auberry, Awahnee, Bethany, Big- 
pine, Carquinez, Corcoran, Georgetown, Gustine, Hanford, Herald, Hollister, 
Kingsbury, Mendota, Milton, Modesto, Monson, Newman, Nevada City, Oak 
land, Oakland Harbor Light Station, Planada, Port Chicago, Quincy, Ray 
mond, Sacramento, San Francisco, Sequoia National Park, Tahoe City, Tip- 
ton, Valley Springs, Visalia, Volcanoville, Waterford, and Woodlake.

Intensity III and under in Nevada: Beatty, Beowawe, Cortez, Elko, Ely, 
Golconda, Las Vegas, Lower Rochester, Marlette Lake, Midas, Reno, Tono- 
pah, Valmy, Verdi, and Winnemucca.

Not felt: Springville, Calif.; Boulder City, Nev.
About 30 aftershocks were felt during the next few days. 

January SO: 12:30. Bridgeport. Aftershock of medium intensity lasted fif 
teen seconds. Hawthorne, Nev., "strong." 
Not felt at Bishop, Calif.

January SO: 13:04. Weak shock felt at Benton. IV at Caliente, Nev. Felt 
also at Fallon, Hawthorne, and Verdi, Nev.



22 COAST AND GEODETIC SURVEY 1934

January 30: 15: 40. Three aftershocks at about this time felt at Auberry, Ben- 
ton, and Bridgeport, and in Nevada at Fallon, lone, Dixie Valley, Schurz, 
and Yerington.

January 30: 19: 49. Slight shock felt at Benton and at Fallon, Nev.
January 31: 11: 45. June Lake, IV or V.
January 31: About 12 : 30. Tahoe, III.
February 1: 2:45. Potts, Nev., IV. Foreshock of earthquake at 3:48.
February 1: About 3:15. Luning, Nev., V. "Heaviest of seven shocks."
February 1: 3:48. Potts, Nev., V. Overturned small objects, spilled water, 

no damage.
February 1: 8:09*. Santa Barbara, II. Epicenter 34°33' north, 119°32' west, 

according to Pasadena.
February 3: Mina, Nev., aftershocks of the quake of January 30 still felt.
February 3: 18:20.* IV at Seal Beach. Epicenter 33°47' north, 118°08' west, 

according to Pasadena. Felt also at Huntington Beach, Los Angeles, and 
San Pedro.

February 3: 18:45. Weak shock felt at Hermosa Beach, Long Beach,'Los An 
geles, Redondo Beach, San Pedro, and Torrance.

February 9: 1:20.* Epicenter in Nevada, according to Pasadena. IV at Ben- 
ton, Bishop, and Douglasflat, Calif., and at Broken Hills and Mason, Nev. 
Felt also 4 miles south of Manteca, at Mendota, and at Modesto.

February 10 to February 18: A series of blasts in the construction of the Golden 
Gate Bridge, San Francisco.

February 11: 7:15.* El Centro, felt. Epicenter 32°30' north, 115°20' west, 
according to Pasadena.

February 11: 10:01.* El Centro, felt. Epicenter 32°30' north, 115°20' west, 
according to Pasadena.

February 11: Santa Rosa, IV.
February 12: 4: 40. Fortuna, IV, Upper Mattole, II. Epicenter about 40 miles 

west of Punta Gorda, according to Berkeley.
February 13: Shortly before midnight. Bay, slight.
February 14: 14:24.* A series of highly localized shocks felt with intensity 

V at Santa Rosa but only slightly in surrounding cities. Epicenter about 
2 miles southeast of Santa Rosa, according to Berkeley.

February 14: 10:43. Santa Rosa, V. Plaster cracked, damage slight Felt 
also at Bay.

February 14: 10:51. Santa Rosa, people driven from homes. Epicenter about 
2 miles southeast of Santa Rosa, according to Berkeley.

February 14: 11:15. Santa Rosa, two shocks felt.
February 14-' 11:55. Santa Rosa, V. Cracked plaster.
February 14- 14:34.* Santa Rosa, V. Cracked plaster and mirrors, damage 

slight. IV at Monte Rio and Sebastopol. Felt also at Bay and Modega. 
Epicenter about 2 miles southeast of Santa Rosa, according to Berkeley.

February 15: 14:30. Sebastopol, III.
February 15: 21:37. Santa Rosa, V. People left their homes, plaster and 

knickknacks fell. Felt also at Bay, Forestville, Fulton, Jenner, Ken- 
wood, Rincon Valley, Sebastopol, and Windsor.

February 15: 21: 47. Weak shocks felt at Bay, Forestville, Fulton, Glen Ellen, 
Eldridge, Jenner, Kenwood, Rincon Valley, Santa Rosa, Sebastopol, and 
Windsor.

February 15: 21:50. Santa Rosa, IV. Felt also at Bay, Forestville, Fulton, 
between Glen Ellen and Eldridge, Jenner, Kenwood, Rincon Valley, Sebas 
topol, and Windsor.

February 15: 22:45. Weak shock felt at Bay, Forestville, Fulton, between 
Glen Ellen and Eldridge, Jenner, Kenwood, Rincon Valley, Santa Rosa, 
Sebastopol, and Windsor.

February 15: 23:30. Weak shock at Santa Rosa.
February 16: 1:31.* Santa Rosa, V. Felt also at Bay, Forestville, Fulton, 

between Glen Ellen and Eldridge, Jenner, Kenwood, Rincon Valley, 
Sebastopol, and Windsor. Epicenter probably about 2 miles southeast of 
Santa Rosa, according to Berkeley.

February 16: 6:01. Santa Rosa, IV. Felt also at Bay, Forestville, Fulton, 
between Glen Ellen and Eldridge, Jenner, Kenwood, Rincon Valley, 
Sebastopol, and Windsor. Epicenter probably about 2 miles southeast of 
Santa Rosa, according to Berkeley.

February 16: 7:00. Santa Rosa,'slight shock.
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February 16: 7:58.* Santa Rosa and vicinity. This is reported as the 
strongest shock of the group of shocks at this time. Epicenter probably 
about 2 miles southeast of Santa Rosa, according to Berkeley. Intensity V 
at Santa Rosa, where all people were frightened and some plaster cracked. 
Felt also at Bay, Forestville, Fulton, between Glen Ellen and Eldridge, 
Jenner, Kenwood, Rincon Valley, Sebastopol, and Windsor. None of the 
Santa Rosa shocks was felt at Healdsburg, Napa, Novato, Petaluma, St. 
Helena, or Two Rock.

February 18: 1:03. Santa Rosa, very light aftershock.
February 18: 3:19.* Watsonville, IV. Felt also at Pacific Grove. Epi 

center about 4 miles northeast of Watsonville, according to Berkeley. 
February 20: 5:48. Balboa, IV. Pasadena reports a shock recorded at about

this time and place. 
February 23: 20:39.* Watsonville, III. Epicenter about 3 miles west of

Gilroy Hot Springs, according to Berkeley. 
March 2: 13:30.* Mecca, III. Felt also at Garrizo Creek. Epicenter 33°05'

north, 115°r>9' west, according to Pasadena. 
March 3:7:05.* Balboa, IV-V. Huntington Beach, III. Epicenter, 33°37'

north, 118°02' west, according to Pasadena. 
March 3: 7:17.* Huntington Beach, "hard single wave." Epicenter 33°37'

north, 118°02' west, according to Pasadena. 
March 6: 13 : 45. Los Angeles, III. 
March 10: 15:03.* Huntington Beach, IV. Los Angeles, II. Epicenter 33°57'

north, 118°38' west, according to Pasadena. 
March 12: 8: 10. Wreak shock at Santa Rosa< 
March 13: 8: 11.* Hawthorne, Nev., III. Epicenter about 38° north, 118° west,

according to Pasadena. 
March 13: 8:20.* Hawthorne, Nev. Slight shock. Epicenter about 38° north,

118° west, according to Pasadena. 
March 13:17:15.* Morgan Hill, III. Epicenter about 10 miles north of

Watsonville, according to Berkeley. 
March 19: 2:41.* Luning, Nev., IV. Epicenter about 38° north, 118° west,

according to Pasadena. 
March 20: 3:49.* Ill at Hollister and Spreckels. Epicenter probably 14 miles

east of Spreckels, according to Berkeley. 
March 26: 17:36.* Spreckels; slight shock. Epicenter 6 miles southeast of

Spreckels, according to Berkeley. 
April 5:14:34.* Santa Monica Bay; very slight. Epicenter 33°50' north,

118°30' west, according to Pasadena, 
April 6: 19:36.* Weak shock at Seal Beach. Epicenter 33°42' north, 118°07'

west, according to Pasadena. 
April 7: 4:06.* Weak shock felt at Huntington Beach, Newport Beach, and

Seal Beach. Epicenter 33°35' north, 118°00' west, according to Pasadena. 
April 8: 6:15.* IV at Balboa, Costa Mesa, and Santa Ana. Felt also at El

Modeno. Epicenter at 33°46' north, 117°47' west, according to Pasadena. 
April 15: 22:37.* Slight shock felt at Hynes and Long Beach. Epicenter

33°45' north, 118°10' west, according to Pasadena. 
April 16: 4:54.* Hynes, III. Epicenter 33°45' north, 118°10' west, according

to Pasadena.
April 17: 3:36.* Hynes; slight. Epicenter 33°47' north, 118°08' west, accord 

ing to Pasadena.
April 17: 4:30. Weak shock at Huntington Park and Long Beach. 
April 17: 9:16.* Huntington Beach; slight. Epicenter 33°34' north, 117°59'

west, according to Pasadena. 
April 17: 10: 33.* V at Santa Ana, where people left buildings, but there was

no damage. IV at Balboa. Felt also at Anaheim, Huntington Beach, and
Hynes. Not felt at Long Beach or San Juan Capistrano. Epicenter 33°34'
north, 117°59' west, according to Pasadena.

April 17: 10:46.* Weak shock felt at Anaheim and Huntington Beach. Epi 
center 33°34' north, 117°59' west, according to Pasadena. 

April 20: 6: 07.* Recorded at Ferndale only, IV at Arcata and Orick. Ill at
Ferndale. Focus about 18 miles from Ferndale, according to Berkeley. 

April 20: 20: 18.* Huntington Park, IV. Felt also at Balboa, May wood, South- 
gate, Vernon, and Walnut Park. Epicenter 33°57' north, 118°08' west,
according to Pasadena. 

April 21: 6:21.* Hynes, III. Epicenter 33°34' north, 117°59' west, according
to Pasadena.
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April S3: 8:08.* IV at Santa Cruz and Watsonville. Felt also at Aromas, 
Hollister, Salinas, Soquel, Spreckels, and Wrights. Epicenter about 37° 
north, 122° west, according to Pasadena.

April 23: 9:35. Weak shock felt at Aromas, Gilroy, Salinas, Spreckels, and 
Watsonville.

April 23: 13:10. Aromas, VI. Felt also at Salinas and Watsonville.
April 23: 13 :19.* Weak shock felt at Hollister, Salinas, and Watsonville. Epi 

center 37° north, 121° west, according to Pasadena.
April 28: 9:20.* Recorded at Berkeley, Mt. Hamilton, Palo Alto, and San 

Francisco.
Intensity IV at San Jose, Santa Clara, Willow Glen. 
Intensity III at Berkeley, Oakland. Epicenter about 4 miles west of 

Coyote. 
April 28: 9: 30. San Jose, III.
May 6: 17: 39.* Weak shock felt at Beverly Hills, Culver City, and West Los 

Angeles. Epicenter 33°59' north, 118°23' west, according to Pasadena.
May 9: 18:48.* Seal Beach, IV. Felt also at Long Beach and San Pedro. 

Epicenter 33°47' north, 118°08' west, according to Pasadena.
May 10: 9:48.* Huntington Beach and vicinity; slight. Epicenter 33°34' 

north, 117°59' west, according to Pasadena.
May 11: 21:33.* Five miles north of Huntington Beach; slight. Epicenter 

33°37' north, 118°02' west, according to Pasadena.
May 12: 2:51.* Five miles north of Huntington Beach; very light shock. 

Epicenter 33°37' north, 118°02' west, according to Pasadena.
May 13: 14:33.* Balboa, IV. Felt also at Long Beach. Epicenter 33°47' 

north, 118 °08' west, according to Pasadena.
May 19: 3:28.* Five miles north of Huntington Beach; very light shock. 

Epicenter 33°34' north, 117°59' west, according to Pasadena.
May 23: 14:22.* Los Angeles; very slight. Epicenter 33°55' north, 118°20' 

west, according to Pasadena.
June 5:1: 51.* Two slight shocks in Coalinga and the Kettleman Hills district. 

Felt also in Monterey and Santa Cruz.
June 5:3: 30. Several weak shocks at San Miguel and Shandon.
June 5: 13 : 30. Lemoore, V. Plaster cracked. Weak at Castroville.
June 5: 13: 49.* A foreshook of the destructive quake on June 7 at 20:48 cen 

tering near Parkfield. Intensity V. It wa.s felt over a land area of about 
11,000 square miles but apparently caused little damage. See map facing 
p. 20.

INTENSITY V:
Adelaide: Moved stove 4 inches; heaviest shock since 1906. 
Parkfield: Moved small objects; damage slight. 
Priest Valley: Pendulum clocks facing north stopped.
Eight miles east of San Miguel: Felt by all, frightened many; slight damage. 

Intensity IV: Atascadero, Avenal, Big Sur, Bryson, Carmel, Hanford, 
Kettleman City, King City, Lemoore, Lonoak, Paraiso Springs, San Luis 
Obispo, San Miguel, Santa Cruz, Shandon, and Templeton.

Intensity III and under: Antelope, Aptos, Arroyo Grande, Avila, Boulder 
Creek, Bradley, Cambria, Chualar, Coalinga, Gonzales, Helm, Hollister, 
Jamesburg, Mendota, Monterey, Morro Bay, Moss Landing, Mount Hermon, 
New Monterey, Nipomo, Oceano, Oilfields, Olympia, Paso Robles, Salinas, 
San Benito, Sandberg, San Francisco, San Joaquin Valley, 14 miles 
east of San Miguel, Santa Margarita, Seaside, Soledad, Soquel, Spreckels, 
Stratford, Tassajara Hot Springs, Tranquility, and Westhaven.

Not felt: Antioch, Bakersfield, Burrell, Capitola, Casmalia, Clovis, Dav 
enport, Fresno, Gilroy, Halcyon, Kearney Park, Laurel, Livermore, Loma 
Mar, Lompoc, Los Alamos, Los Gatos, Lost Hills, Maricopa, Martinez, 
Merced, Modesto, Monolith, Morgan Hill, Pacific Grove, Pescadero, Pleasan- 
ton, Point Sur Light Station, Redwood City, San Jose, Santa Barbara, 
Santa Maria, Saratoga, Tulare, Ventura, Vestal, Watsonville, Wheeler 
Ridge, and Woodlake.

June 5: 14:15.*. Newspapers report an earthquake recorded at Mineral Seis 
mograph Station. IV at Jacksonville. Epicenter 22 miles northwest of 
Mineral, according to Mr. Finch at Berkeley.

June 5: 14: 52.* Another strong foreshock of the June 7 quake. This shock 
was quite local in its effect. VI at Adelaida, where two walls and several 
trees fell. Strong also at Atascadero, and felt at Antelope, Paso Robles, 
San Luis Obispo, and Templeton.



UNITED STATES EARTHQUAKES, 1934 25

Jime 5: About 15:30. Weak shock at San Miguel and to the northeast. 
June 6: 14:14.* A moderate shock felt over an area of about 4,600 square miles 

in northern California. See map facing page 20. Epicenter about 40° north, 
121° west, according to Pasadena.

Intensity IV: Caribou, Chester, Crescent Mills, Janesville, and Stirling 
City.

Intensity III and under: Big Meadows, Mineral, Nevada City, Lassen 
National Park, Old Station, Oroville, Paynes' Creek, Quincy, 30 to 40 
miles east of Red Bluff, Susanville, Taylorsville, Veramont Substation, 
Volcanoville, and Westwood.

Not felt: Alturas, Antioch, Auburn, Bieber, Colusa, Downieville, Doyle, 
Feather Falls, Hobart Mills, Johnsville, Marysville, Nelson, Paradise, 

Paraiso Hot Springs, Placerville, Ravendale, Redding, Round Mountain, 
Sattley, Sloat, Stacy, Tahoe, Tahoe Pines, Willows.

Not felt in Nevada: Flanigan, Gerlach, Hazen, Reno.
June 6: 14:40.* Slight shock felt at Adelaida, Graeagle, and Paynes' Creek. 
June 7: 0:43. Ano Nuevo Island Light Station, IV. 
June 7: 14:30. Stone Canyon. Felt by all men in mine 600 feet beneath

surface.
June 7: 20:15. IV at Gonzales and McKittrick.
June 7: 20:30.* The second strongest shock of the Parkfield, Calif., series. 

Epicenter very near those of June 5 at 13:48 and the strongest shock 
of June 7 at 20:48. Intensity VI-VII. Epicenter according to Berkeley 
35°58' north, 120°29' west. The land area affected (between 30,000 and 
35,000 square miles) was only very slightly less than that for the shock 
occurring 18 minutes later. See map facing page 20 . (According to Byerly 
and Wilson * it centered about 4 kilometers north of the later one, which 
was also on the San Andreas Fault. Some damage was done in the 
epicentral region; cracks appeared in the ground, and ground water 
was affected. Because of the short interval between this shock and 
the main shock 18 minutes later there is sometimes ambiguity concerning 
the shock to which certain reports refer. See page 48 for additional 
details.

INTENSITY VI-VII:
Cholame Ranch, near Parkfield. Dishes broken; chimney fell.
Parkfleld. Cracks appeared in ground with drop of 7 to 8 inches; 

"change of numerous springs, one drawing mud." Walls and one chimney 
fell. One person thrown from bed.

Six miles from Parkfield, VII. "More severe than at Parkfield."
Stone Canyon. Chimneys cracked and fell, damage slight.
INTENSITY V:
Atascadero. Cracked plaster; damage slight.
Co-alinga. Moved cars from curb, cracked plaster; damage slight.
Hollister. Pendulum clocks facing south stopped, trees and bushes 

shaken moderately.
King City. Moved small objects, broke dishes.
Lemoore. Pendulum clocks facing east stopped.
Ten to twelve miles north of Parkfield. Moved furniture and over 

turned vases and small objects; damage slight.
Twenty-five to thirty miles east of Paso Robles. Branches broken on 

trees; "sharper than at Paso Robles."
San Miguel. Pendulum clocks stopped, knickknacks fell.
Intensity IV: Adelaida, Antelope, Berros, Big Sur, Bryson, Cambria, 

Canoga Park, Castroville, Delano, Kettleman City, Lockwood, Monson, 
Monterey, Navelencia, Oilfields, Paso Robles, San Luis Obispo, San Luis 
Obispo Light Station, 14 miles east of San Miguel, Santa Barbara, Santa 
Margarita, Santa Maria, Shale Pump Station, Shandon, Soledad, Soquel, 
Stratford, Taft, Templeton, Ventura, Visalia, and Westhaven.

Intensity III and under: Arvin, Bakersfleld, Buellton, Delano, Delpiedra, 
Fresno, Glenville, Gomnan, Junction, Kettleman Plains, Kernville, Lindsay, 
Lompoc, Lonoak, Los Angeles and vicinity, Mendota, Moss Landing, Onyx, 
Pirn, Port San Luis Pump Station, Porterville, Reseda, Salinas, Sand-

1 Perry Byerly and James T. Wilson. The Central California Earthquakes of May 16. 
1933, and June 7, 1934. Bulletin of the Seismological Society of America, vol. 25, no 3' 
July 1935.



26 COAST AND GEODETIC SURVEY 1934

berg, San Fernando, Sanger, San Benito, Santa Ana, Santa Barbara, Santa 
Monica, Scheideck, Seaside, Spreckels, Springville, Tranquility, Tulare, 
Van Nuys, and Watsonville.

Not felt: Academy, Acton, Agoura, Biadger, Big Basin, Broun, Cajon, 
Caliente, Cantil, Cornell, Coyote, Ducor, El Toro, Etiwanda, Fairmont, 
Gilroy, Guasti, Huntington Beach, Huntington Park, Independence, Inyo- 
kern, Keene, La Crescenta, Lancaster, Little Lake, Llano, Lorna Mar, Lone- 
pine, Merced, Mineral King, Newnian, Olancha, Olive View, Planada, Po 
mona, Posey, Rosemond, Sandberg, San Jose, Santa Monica, Santa Ynez, 
Saratoga, Sequoia National Park, Somis, Squaw Valley, Swartout, Topanga, 
Tujunga, Woodlake. 

June 7: 20: 37. IV at Piedras Blancas, San Luis Obispo, and Santa Cruz. Felt
also at Bryson and Los Alamos.

June 7: 20:45. Weak shock felt at Atasoadero, Coalinga, Lockwood, Paso 
Robles, Port San Luis Pump Station, Priest Valley, San Miguel, and 
Westhaven.

June 1: 20:48*. Main shock of the Parkfield, Calif, series. Intensity VIII 
Land area affected, about 34,000 square miles. Epicenter according to 
Berkeley 35°56' north, 120°29' west, on the San Andreas Fault about 6 
miles northwest of Parkfield. Instrumental records indicate that the 
shock was only slightly less severe than the Long Beach earthquake of 
1933, but in the Parkfield shock there was only minor damage and no loss 
of life, largely because of the sparsely settled nature of the region affected.

The maximum surface disturbance occurred on Middle Mountain, where 
cracks appeared in the ground and trees snapped off. Highway bridges 
near Parkfield shifted slightly on their footings and in one instance an 
approach caved in. Most of the houses in the strongly shaken area are low 
frame structures admirably adapted to resist earthquake movements except 
for their brick chimneys, which as a rule toppled over. A house built of 
hollow cement blocks had its walls shaken out. The onset in Parkfield 
was so sudden that chimneys and other brickwork had fallen to the ground 
before persons assembled in a schoolhouse had time to reach the doors and 
suffer probable injury.

The main shock was preceded by three strong foreshocks, two on Jrine 
5 and one (the strongest of the three), on Jfune 7 just 18 minutes before 
the main shock. A few others were hardly perceptible. Several after 
shocks were felt, but none of them was exceptionally severe. See page 
48. A number of additional foreshocks and aftershocks were recorded 
on seismographs. The main shock actuated the strong-motion seismographs 
of the Coast and Geodetic Survey at Santa Barbara, Hollywood, and 
Pasadena, as described in the strong-motion section of this publication.

Two investigations of the shock were made. Reference to the first 
report, by Byerly and Wilson, is given in the footnote on page 25. This 
report covers largely the instrumental and purely seismological aspects 
with only casual emphasis on geological phenomena. The second report 
(unpublished) was prepared by Graham B. Moody, of the Standard Oil 
Co. who made a personal survey of the epicentral tract. Through the 
courtesy of the company a portion of that valuable report is reproduced on 
page 48 of this publication.

INTENSITY VIII:
Middle Mountain, nortlmvext of Parkfield. Ground cracked considerably 

and trees snapped off. See special report on page 48.
Parkfield. See notes above and special report.
INTENSITY VII:
La Panza and Stone Canyon.
INTENSITY VI:
Castromlle.
Coalinga. Frightened all; moved furniture; tipped over canned goods; 

cars moved from curb.
Kcttlemart Clity. Cracked plaster and walls.
INTENSITY V:
Ataxcadero. Cracked plaster ; damage slight.
Cfiamalia.
Cliolame. Tipped over canned goods.
Dudley. Overturned small objects; spilled water from tank northeast.
HoUister. Pendulum clocks facing south stopped; trees and bushes 

shaken moderately.



UXITED STATES EARTHQUAKES, 1934 27

Jamca'burg.
King City. Moved small objects.
Lemoorc. Light service disrupted for a few minutes; damage slight. 
Lost Hills. 
McKit trick.
Oilfields. Broke dishes; pendulum clocks facing north stopped. 
/S'an Miguel. Pendulum clocks facing west stopped, knick-knacks fell. 
Seaside. Pendulum clocks facing north stopped; moved small objects; 

lamp fell.
Section 31, township 20 south, range 13 east. Milk slopped out of pans in 

ice boxes.
Shale pump station. Pendulum clocks facing north stopped. 
Slutndon. Moved small objects and furnishings, milk slopped out of pans 

in ice boxes; ''four shakes."
Intensity IV: Adelaida, Alpaugh, Antelope, Avenal, Avila, Bakersfleld, 

Bryson, Button Willow, Canoga Park, Carneros Station, Casmalia, Creston, 
Ducor. Fillmore, Gonzales, Halcyon, Hanford, Los Alamos, McFarland, 
Maricopa. Middlewater, Modesto, Morro Bay, Nipomo, Oceano, Oil Center, 
Orcutt, Paso Robles, Piedras Blancas Light Station, Pixley, Point Hueneme 
Light Station, Priest Valley, Salinas, San Luis Obispo, San Luis Obispo 
Light Station, 14 miles east of San Miguel, Santa Cruz, Santa Margarita, 
Santa Maria, Soledad, Soquel, Ventura, Templeton, Visalia, Westhaven, 
and Woody.

Intensity III and under: Alviso, Aptos, Bodflsh, Castaic, Clovis, Creston, 
Delpieclro, Exeter, Famosa, Fresno, Glendale, Gorman, Junction, Kaweah, 
Kernville, Laurel, Lone Pine, Lonoak, Los Banos, Lost Hills, Mendota, 
Miramont, Monterey, Moss Landing, Mount Hermon, Oakland Harbor 
Light Station, Port San Luis Pump Station, Raisin, San Benito, Sanger, 
Santa Ana. Shafter, Tehachapi, Los Angeles, Modesto, Pasadena, Three 
Rivers, Tipton, Tranquility, Tulare, Van Nuys, Wheeler Ridge, and 3 
miles east of Wooding.

Not felt: Academy, Acton, Agoura, Badger, Big Basin, Brown, Cajon, 
Caliente, Cnntil, Cornell. Coyote. El Toro, Etiwanda, Fairmead, Fairmont, 
Gilroy, Guasti, Huntington Beach, Huntington Park, Independence, Inyo- 
kern, Keene, La Crescenta, Lancaster, Little Lake, Llano, Loma Mar, Lom- 
jbard, Long Beach. Magunden, Merced, Mineral King, Montrose, Newman, 
Olancha, Olive View, Phinada, Pomona, Posey, Rosamond, San Jose, Santa 
Ynez, Saratoga, Sequoia National Park, Squaw Valley, Swartout, Topanga, 
Tujunga, W'oodlake.

June 7: About 21: 00. Moderate shock apparently centering off the Piedras 
Blancas Light Station, where the tower shook sharply. Felt also at 
Bryson, Kernville, La Panza, Lemoore, Parkfield, 14 miles east of San 
Mignel, Sandberg, and San Fernando.

June 7: 21:20. Atasep^p . ITI .Toltin<r motion, felt by several; "one jolt." 
June 7: 21:23.* San Miguel; strong aftershock of the Parkfield quake. Felt

at Atascadero. 
June 7: 21:43.* Weak aftershock of the Parkfield quake felt at Atascadero,

Big Sur, Coalinga, King City, Loneoak, Paso Robles, and Westhaven. 
June 7: 21:50. Atascadero. IV. Felt also at Coalinga and San Luis Obispo. 
June 8: 1:30.* Slight shock at Atascadero and Parkfield, according to Pasa 

dena.
June 8: 8:30. Parkfield; slight aftershock. 
June 9:4: 50.* IV at Hynes and Long Beach. Epicenter 33°47' north, 118°08'

west, according to Pasadena. 
June 10: 00: 03.* Intensity IV at San Miguel.
June 10: 12:02. IV at San Miguel. Felt also at Parkfield and Woody. 
June 10: '18: 32. Balboa, V. Fire wall of building shifted slightly to southeast;

several cemented cracks reopen pri. 
June 12: 20:38.* Long Beach, slight shock. Epicenter 33°43' north, 118°05'

west, aocordimr to Pasadena. 
June I'/: 5:30.* Huntington Beach, slight.
June I-'/: 6:30.* Five miles north of Huntington Beach, slight shock. 
Ju-nc 14: 6:55.* Atascadero, IV. Felt also at San Miguel and Templeton, ac 

cording to Pasadena.
June 1-',: 7:54.* Slight shock felt at Atascadero and San Miguel, according 

to Pasadena.
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June 14-' 11:26.* IV at Atascadero. Felt also at Templeton, according to 
Pasadena.

June 14-' 14:02.* Weak shock at Atascadero, according to Berkeley.
June 16: 15:03.* IV at Hollister and Monterey. Felt also at Gonzales, Park- 

field, and Salinas. Not feit at -San Jose. Epicenter about 36.5° north, 
121° west, according to Pasadena.

June 17: 21:07.* Weak shock at Sharp, Nev. Epicenter about 38° north, 
116° west, according to Pasadena.

June 19: 3:53.* Slight shock felt 3 miles north of Huntington Beach. Epi 
center 33°34' north, 117°59' west, according to Pasadena.

June 20: 4:  . Dillion Beach, IV. Felt also at Petaluma.
June 20: 5:40. A moderate shock of intensity IV felt generally over the San 

Francisco Bay region. See map facing page 20. Epicenter 6 miles west 
of San Mateo according to Berkeley.

Intensity IV: Alameda, Alcatraz Island, Belmont, Brisbane, Burlingame, 
Camp Meeker, Daly City, El Granada, Half Moon Bay, Lomita Park, 
Montara, Monterey, Redwood City, San Bruno, San Carlos, San Francisco, 
San Lorenzo, and San Mateo.

Intensity III and under: Alvarado, Angel Island, Antioch, Benicia, 
Berke'ey, Bolinas. Corte Madera, Crockett, El Cerrito, Emeryville, Forest- 
ville, Inverness, Kentfield, La Honda, Larkspur, Manor, Millbrae, 'Mission, 
San Jose, Moss Beach, Newark, Nicasio, Nova to, Oakland, Palo Alto, 
Piedmont, Pinole, Point Reyes, Rockaway Beach, Salada Beach, San 
Anselmo, San Francisco, San Gregorio, San Pablo, San Rafael, Santa 
Clara, Southampton Shoal Light Station, Sunnyvale, Tiberon, Tomales, 
and Yerba Buena Island.

Not felt: Agnew, Agua Caliente, Alamo, Ano Nuevo Island Light Station, 
Brentwood, Canville, Cazadero, Centerville, Concord, Cordelia, Cowell, 
Fairfield, Fallen, Fort Baker, Fort Barry, Giant, Hayward, Ignacio, Jenner, 
Lafayette, Lawrence, Livermore, Loma Mar, Los Altos, Los Gatos, Mare 
Island, Milpitas, Moraga, iviouucam View, Napa, Niles, Oakland, Oleum, 
Penn Grove, Pittsburg, Pleasanton, Port Chicago, Rio Nido, Rodeo, Rol- 
linsville, San Jose, San Ramon, Sausalito, Sebastopol, Stege, Stinson Beach, 
Sunol, Valley Ford, Vineburg, Warm Springs, and Yolo.

June 20: 6:40. Berkeley, IV. Felt also at Martinez, Olema, and Richmond.
June 21: 18 : 24.* Newport Beach, slight. Epicenter 33°34' north, 117°59' west, 

according to Pasadena.
June 23: 2:53.* Ramona, IV. Felt also at Martinez, Olema, and Richmond. 

Epicenter 33°02' north, 116°30' west, according to Pasadena.
June 27:16:15.* Long Beach, IV. Epicenter 33°47' north, 118°08' west, 

according to Pasadena.
June 28: 5:55.* Slight shock felt 5 miles north of Huntington Beach. 

Epicenter 33°40' north, 117°55' west, according to Pasadena.
July 1:1: CO. Balboa, III. Pasadena reports a shock at 0: 45 at 33°38' north, 

118° 12' west.
July 6: 11: 26.* Long Beach, III, Epicenter 33° 37' north, 118°02' west, according 

to Pacadena.
July 6: 14:49.* Moderate shock felt along the coast of northern California 

and southern Oregon, apparently strongest at Eureka, Beatrice, and 
Crescent City. Damage negligible. Epicenter approximately 41.7° north, 
124.6° west. Felt over a land area of about 8,000 square miles. Recorded 
on strong-motion seismographs at Eureka and Ferndale. 

INTENSITY V:
Beatrice. Pendulum clocks stopped.
Crescent City. Small objects and furnishings moved, damage slight. 
Eureka. Frightened few; "some left buildings."
Intensity IV: Arcata, Bridgeville, Carlotta, Fortuna, Petrolia, and Scotia. 
Intensity IV in Oregon: Gold Beach, North Bend.
Intensity III and under: Benbow, Cape Mendocino, Barberville, Kneeland, 

Orick.
Intensity III and under in Oregon: Brookings, Charleston, Grant's Pass. 
Not felt: Fort Bragg.
Not felt in Oregon: Bandon, Gleneden Beach, Port Orford, Roosevelt 

Beach, The Dalles, Waldeport, Westlake, Winchester Bay.
July 13: 5: 56.* IV at Nevada city and Sattley. Felt also at Delleker, Placer- 

ville, Portola, and Volcanoville. Epicenter probably near Portola, according 
to Berkeley.
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July 23: 13:59.* Slight shock near Calexico. Epicenter 32°27' north, 115°37' 
west, according to Pasadena.

July 35:15:07.* Long Beach, III. Epicenter 33°38' north, 118°12' west, 
according to Pasadena.

July 29: 21:19.* IV at Jamul,' Julian, and Lakeside. Felt also at Campo. 
Epicenter 33°15' north, 116°30' west, according to Pasadena.

July 31: 21:22.* IV at Imperial. Felt also at Calexico. Epicenter 32°27' 
north, 115°37' west, according to Pasadena.

July 31: 21: 38.* IV at Ano Nuevo Island Light Station. Felt also at Calexico 
and Imperial. Epicenter 32°27' north, 115°37' west, according to Pasadena.

August 12."16: 57.* San Diego, IV. Epicenter 32°53' north, 117°30' west, 
according to Pasadena.

August 18: 18:54.* Slight shock at Keeler. Epicenter 36°24' north, 118°00' 
west, according to Pasadena.

Augitst 18: 19:30.* Slight shock at Keeler. Epicenter 36°24' north, 118°00' 
west, according to Pasadena.

August 20: 19: 37.* Intensity IV at Stone Canyon, according to Berkeley.
August 24: 23:06.* Huntington Beach, III. Epicenter 33°34' north, 117°59' 

west, according to Pasadena.
August 25: 5:51.* Huntington Beach; slight.
August 29: 22:18.* Los Angeles, IV. Epicenter 33°59' north, 118°23' west, 

according to Pasadena.
August 30: 4:50.* IV at Cajon, Etiwanda, and Moreno. Felt also at Mentone 

and Riverside. Epicenter 34°04' north, 117 °35' west, according to 
Pasadena.

August 31: 4:54.* A slight shock felt at Mentone and Riverside. Epicenter 
34°02' north, 117°19' west, according to Pasadena.

September 1: 8:15. Twin Peaks district, San Francisco; slight. Epicenter
near Mussel Rock, San Francisco, according to Berkeley. 

Not felt: Belvedere, Dillon Beach, Duncans Mills, Forest Knolls, Ignacio,
Lagunitas, Point Reyes, San Rafael, Santa Rosa, Stewarts Point, Vallejo.
September 12: 3:29.* Porterville, IV. Epicenter 36°08' north, 118°48' west, 

according to Pasadena.
SeptGmber 13: 2:36.* IV at Balboa and Huntington Beach. Epicenter 

33°34' north, 117°59' west, according to Pasadena,
September 20:23: 06.* Huntington Beach, III. Epicenter 33°34' north, 117°59' 

west, according to Pasadena.
September 24: 5:46.* Huntington Beach, II. Epicenter 33°37' north, 118°02' 

west, according to Pasadena.
September 26: 23:12.* Slight at Keddie, Quincy, and Spring Garden, according 

to Berkeley.
September 30: 3:39.* Huntington Beach, II. Epicenter 33°37' north, 118°02' 

west, according to Pasadena.
October 2: 12: 20.* Two shocks, 10 minutes apart, were felt in the San Fran 

cisco Bay region. The second shock was generally reported as the stronger. 
It was felt most strongly in Colma, Sausalito, and the southwestern sec 
tion of San Francisco, where it probably reached intensity V. Damage was 
negligible. As many observers reported both shocks on one card, it is 
often difficult or impossible to distinguish between the two shocks. Epi 
center 37.6° north, 122.8° west, according to Pasadena. Affected land area 
of about 2,100 square miles. 

INTENSITY V:
Colma. Overturned small objects. 
S<wi Francisco, Portola district. Felt by all; furniture in upper stories of

tall buildings skidded considerably, dishes fell from shelves, pictures fell from
walls. Woman injured when jolt caused her to lose balance in stepping from
curb.

Sausalito. Felt very strongly; dishes broken.
Intensity IV: Alcatraz Island, Alviso, Belvedere, Centerville, Half Moon 

Bay, La Honda, Manor, Oakland, Petaluma, Pinole, Redwood City, Rocka- 
way Beach, Salada Beach, San Bruno, San Francisco (various parts), and 
San Gregorio.

Intensity III and under: Agnew, Alamo, Benecia, Bolinas, Corte Madera, 
Cowell, Crockett, Danville, El Cerrito, El Granada, Fort Barry, Ignacio, 
Kentfleld, Martinez, Mile Rock Light Station, Milpjitas, Montara, Moraga,
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Mount Eden, Point Montara Light Station, Richmond, San Francisco 
(various parts), San Jose, San Leandro, Sunny vale, San Pablo, San 
Rafael, Tomales, and Visitacion.

October 2: 12:30.* The second of two shocks 10 minutes apart. Generally 
reported stronger than the preceding one. Since this shock was, in the 
majority of cases, reported on the same card as the first earthquake, only 
the place felt will be mentioned, and for the effects reference must be 
made to the preceding shock. Epicenter 37.6° north, 122.8° west, accord 
ing to Pasadena. A shock at about this time was recorded on strong- 
motion seismographs at Oakland and San Francisco.

Intensity V: Colma, Sausalito, and San Francisco, Portola district. 
Intensity IV: Alviso, El Granada, Half Moon Bay, Redwood City, Rock- 

away Beach, San Bruno, Salada Beach, and San Francisco (various 
parts).

Intensity III and under: Agnew, Benecia, Concord, Danville, Hollister, 
Ignacio, Kentfield, Lafayette, Larkspur, Menlo Park, Mile Rock Light 
Station, Montara, Newark, Oakland, Point Montara Light Station, San 
Francisco (various parts), San Leandro, San Pablo, San Rafael, and 
Visitacion.

Neither shock felt: Antioch, Clayton, Cordelia, Cupertino, Decoto, East 
Brother Island Light Station, Eldridge, Fairfield, Inverness, Lawrence, 
Los Gates, Mountain View, Miles, Olema, Oleum, Pittsburgh, Pleasanton. 
Port Chicago, Santa Ro«a, Saratoga, Sunol, Vineburg, Walnut Creek, Warm 
Springs.

October 2: 22:17. Slight shock felt at Benecia, Mile Rock Light Station, Oak 
land, and San Francisco. 

October 5: 18:17.* El Cerrito, IV. Epicenter about 3 miles northwest of the
University of California campus according to Berkeley. 

October 5: 20: 03.* Huntington Beach; slight. Epicenter 33°37' north, 118°02'
west, according to Pasadena. 

October 6: 18:11.* Huntington Beach; slight. Epicenter 33°37' north, 118°02'
west, according to Pasadena. 

October 8: 0:40. San Francisco, IV. 
October 12: 1:02.* Five miles north of Hungtington Beach; slight. Epicenter

33°45' north, 117°53' west, according to Pasadena. 
"October 12: 19:57. IV at Reno and Sparks, Nev. 
October 13: 0: 22.* Huntington Beach; slight. Epicenter 33°37' north, 118°02'

west, according to Pasadena.
October 15: 19:59.* El Centro, IV. Felt in Lower California. Epicenter 

32°27' north, 115°37' west, according to Pasadena. Recorded on the strong- 
motion seismograph at El Centro. 

October 16: 11: 33. Colma ; slight.
October 17: 1:38.* A moderately strong shock in the Los Angeles area. Epi 

center 33°38' north, 118°24' west, according to Pasadena. Huntington 
Park, V. Cracked windows and plaster slightly. Venice, V. Windows 
broken.

Intensity IV: Hynes, Lomita, Long Beach, Los Angeles, and Seal Beach.
Intensity III and under: Bell, Compton, El Segundo, Inglewood, Her-

mosa, Lynnwood, Maywood, Manhattan, Redondo, San Pedro, and Venice.
October 18: 2:07.* IV at Hynes, Long Beach, and Seal Beach. Felt also at

Venice. Epicenter 33°46' north, 118°06' west, according to Pasadena. 
October 21: 18: 24.* IV at Jamul and Julian. Epicenter 33°00' north, 116°40'

west, according to Pasadena. 
October 22: 7:23.* Five miles north of Huntington Beach; slight. Epicenter

33°34' north, 117°59' west, according to Pasadena. 
October 23: 10:17.* Hynes, IV. Long Beach, III. Epicenter 33°46' north,

118°06' west, according to Pasadena.
October 24: 19:20.* Aftershock of the San Francisco Bay earthquake of 

October 2, according to Berkeley. V at Presido Terrace in San Francisco. 
IV at Berkeley, Burlingame, Oakland, Rockaway Beach, and in parts of 
San Francisco. Ill at Ross, Southampton Shoal Light Station, and Salada 
Beach. Not felt at Redwood City, Sacramento, or San Jose. A shock of 
intensity IV is reported from Oakland at 20: 21: probably the same shock. 

October 25: 20:14.* Los Angeles, IV. Felt also at Beverly Hills and Culver
City. Epicenter 33°59' north, 118°1T' west, according to Pasadena. 

October 26: 23 : 46.* Huntington Beach ; slight. Epicenter 33°34' north, 117°59' 
west, according to Pasadena.
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October 30: 18:42. Santa Monica; slight.
November 1: 6: 04.* Five miles north of Huntington Beach; slight shock. Epi 

center 33°34' north, 117°59' west, according to Pasadena.
November 4: 18:38.* A moderate shock in the Long Beach area. Damage 

confined to a few broken windows and dishes. Epicenter 33°47' north, 
118° 08' west, according to Pasadena. 

INTENSITY V:
Anuheim. Broke windows and dishes; "one of the strongest since 

March 10, 1983."
Hiwtington Park. A few dishes and windows broken. 
Seal Beach. Floor lamps overturned.
Long Beach. A few windows and dishes broken; "one of the strongest 

since March 10, 1933." 
Intensity IV: Balboa, Newport Beach.
Intensity III and under: Five miles north of Huntington Beach. 
Not felt: Laguna Beach, San Juan Capistrano. 

November 6: 1:32*. EL Centre; slight. 
November 6: 13:15. San Francisco; slight shock.
November 11: 12:34*. Five miles north of Huntington Beach; slight Epi 

center 33°37' north, 118°02' west, according to Pasadena. 
November 15: 21:37*. IV at Eureka. Epicenter about 70 miles west of Cape

Mendocino.
November 16: 13:26*. IV at Huntington Beach, Long Beach, Santa Ana, and 

Seal Beach. Felt also at Balboa and Los Angeles. Epicenter 33°45' north 
118°00' west, according to Pasadena. 

November 16: 15:58. Shock felt near Westminister. Epicenter 33°45' north,
118°00' west, according to Pasadena.

November 17: 9:42. V at Shively, where water was spilled and small objects 
moved. IV at Alderpoint, Petrolia, and Scotia. Felt also at Bruceland, 
Ettersburg, Eureka, and Fortuna. Not felt at South Fork. 

November 18: 4: 38. IV at Fortuna and Upper Mattole. 
November 21: 14:49*. Long Beach, III. Epicenter 33°42' north, 118°04' west,

according to Pasadena.
November 25: 0:18*. IV at El Centro, Jamul, and San Diego. Epicenter 32°05' 

north, 116°40' west, according to Pasadena. Two of four reports received 
from San Diego give the date as November 24. These are probably in 
error, but there may possibly have been two shocks.

December 1:5: 05. Walls cracked at Piedras Blancas Light Station. IV at 
Paraiso Springs. Epicenter about 15 miles south of Paraiso Hot Springs, 
according to Berkeley. 

December 2: 8:07*. San Miguel; slight. Felt also at Parkfield. Epicenter
35°o8' north, 120°35' west, according to Pasadena. 

December 2: 15:19. Slight shock felt at San Jose and Santa Clara. Epicenter
about 5 miles northwest of Lick Observatory, according to Pasadena. 

December 2: 17: 54*. IV at Bryson, King City, and Paraiso Springs. Felt also 
at Parkfield, Paso Robles, San Lucas, and San Miguel. Epicenter 35°57' 
north, 121°30' west, according to Pasadena. 

December 10: 22:19*. Intensity IV at Upper Mattole.
December 12: 18:30. San Francisco, IV. Epicenter very near Colma, accord 

ing to Berkeley.
December 15: 9:00. V at Fortuna, where all felt the shock and pendulum 

clocks were stopped. IV at Scotia, Shively, and Upper Mattole. Ill at 
Ettersburg, South Fork, and Whitlow. Epicenter about 6 miles from 
Ferndale, according to Berkeley.

December 17: 3:10*. A sharp shock felt along the coast of Santa Barbara and 
San Luis Obispo Counties. It was strongest at Los Alamos, which is near 
the epicenter given by Pasadena, viz 34°35' north, 120°20' west. Los 
Alamos also experienced several aftershocks.

Intensity IV: Avila, Buellton, Halcyon, Lompoc, Oceano, Point Concep- 
cion, San Luis Obispo Light Station, Santa Ynez, Cameras, Casmalia,. 
Nipomo, San Luis Obispo, and Santa Maria. 

Not felt: Bakersfield, Scheideck, Ventura. 
December 17: 5:51.* Los Alamos; "heavy shake." Epicenter 34°35' north,.

120°20' west, according to Pasadena.
December 17: 19:09.* Los Alamos; light shock. Epicenter 34°35' north,. 

120°20' west, according to Pasadena.
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December 17: 20: 34.* Los Alamos; slight aftershock. Epicenter 34°35' north,
120°20' west, according to Pasadena. 

December 17:21:28.* Los Alamos; light. Epicenter 34°35' north, 120°20'
west, according to Pasadena. 

December 20: 4:37.* Los Alamos, III. Epicenter 34°35' north, 120°20' west,
according to Pasadena. 

December 21: 23:35.* Hopland, III. 
December 24: 2:22.* Los Alamos; slight. Epicenter 34°35' north, 120°20'

west, according to Pasadena.
December 24: 8: 26.* IV at Los Alamos and Shandon. Felt also at Ooalinga, 

Hanford, King City, San Luis Obispo, and Templeton. Not felt at La 
Panza, Epicenter 35°56' north, 120°29' west, according to Pasadena. 

December 28: 14:31. Balboa, III.
30: 5:52.* Lower California. A destructive shock of intensity IX, 

originating about 35 miles south of Calexico, was felt over about 60,000 
square miles in California and Arizona. See map facing page 20. The epicen 
ter as determined from seismographic data was 32°.2 north, 115°.5 west. This 
is in the very thinly settled Laguna Salada region of Lower California. 
So far as known no investigation of the epicentral region has been made, 
so there is no verification of the epicenter given. The shock was strongly 
felt throughout the Imperial Valley region with slight damage at Mexicalli, 
Calexico, El Centro, and Brawley. It actuated the strong-motion seismo 
graphs at El Centro, Hollywood, Los Angeles, and San Diego.

Because of the short time intervals between this shock and those at 
5:55 on the 30th (near Santa Cruz) and 10:46 on the 31st (Lower Cali 
fornia), together with many intervening shocks of minor intensity, there 
is often difficulty in assigning the post-card earthquake reports to the 
proper places. It seems very probable that the Santa Cruz shock was set 
off by the trigger action of the shock which originated in Lower California 
only 3 minutes earlier.

Reports received from Lower California are very incomplete, except for 
a special report from W. H. Kirkbride, chief engineer of the Southern 
Pacific Railroad, based on a survey of the Inter-California and Inter- 
California Del Sur Railroads. Towns along these lines were nearer the 
epicentral area than any other points heard from. "At many points bridges 
were damaged by movement both laterally and longitudinally and by settle 
ment of piles. Track was kinked in several locations and settlement was 
as much as 6 inches." Many adobe houses were wholly or partly wrecked 
in the area inspected.

A large number of press reports have been abstracted by Dr. C. F. 
Richter, of the Pasadena Laboratory, and intensities estimated. These 
estimates and the other reports received are given below.

INTENSITY IX IN LOWER CALIFORNIA :
Delta. Cracks appeared in the ground up to 3 or 4 feet in width, and 

8 or 10 feet in depth. There were a number of parallel cracks of this 
kind; their length is not reported, but they were followed for about 
one-half mile, and no diminution found. There were a number of such 
cracks, practically parallel. Immediately after the quake, water and 
sand spouted up from a dry canal bed. Piling was moved westerly in some 
cases as much as 18 inches and the piles were forced upward as much as 
12 inches. Adobe structures in this vicinity were completely demolished. 
Houses constructed of arrowroot stems stuck about 6 inches into the 
ground, laced with similar stems, and roofed with poles and brush were 
thrown flat.

Inhabitants ran up on to the railroad at the time of the shock and sat 
between the rails, but found it difficult to sit upright, being thrown from 
side to side by the force of the shock.

INTENSITY VIII IN LOWER CALIFORNIA:
Cocopuh. Information from W. H. Kirkbride's report. The railroad 

station and the agent's living quarters are constructed of hollow cement 
blocks with secondary partitions and roof of frame construction on con 
crete foundation. A few cracks developed in the exterior walls of the 
station but nothing serious. However, movement was enough to form 
a crack between interior tile partitions and exterior walls. The open 
waiting room roof is supported on three columns of cement tile. The center 
one did not move, but the two outer ones hinged upon their bases, one 
in one direction about 8 inches and the other in the opposite direction
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about 4 inches. Several areas of ceiling plaster fell. The effect on the 
agent's residence was about the same as on the station building.

An empty 65,000-gallon water tank was thrown sideways from its sup 
porting columns and landed on its bottom outside the foundation area. 
Examination showed that one of the tie-rods was broken. Several tanks 
of the same construction were thrown down in the vicinity during the 
earthquake of 1906.

INTENSITY VII IN LOWEE CALIFORNIA :
Packard. Chimney down at station.
Paredones. Wall cracked in station.
Sesbania. Concrete house considerably cracked, but not rendered unsafe.
INTENSITY VI IN LOWER CALIFORNIA :
Mexicali. People rushed into the streets partly clad; windows were 

broken and chimneys damaged.
Pascualitos. Cracks in reinforced adobe.
INTENSITY VI IN CALIFORNIA :
Brawley. Slight damage.
Calexico. Slight damage in frame railroad station. Columns moved 

about one-fourth inch. Concrete platforms opened up about one-fourth 
inch.

Coyote Wells. Cracks in section quarters.
Dixieland. Plaster and windows cracked; slight cracks found in railroad 

station.
El Centro. Cracked plaster and walls, broke dishes; damage slight.
Heber. Cracked plaster and chimneys; damage slight.
Holtmlle. Cracked chimneys and walls ; broke windows; damage slight.-
Indio.
Jasper.
Palos Verde. Walls of concrete house cracked.
Westmoreland. Cracked plaster and walls; damage slight.
INTENSITY V IN CALIFORNIA:
Alpine. Cracked plaster.
Andrade. Moved and overturned small objects; damage slight.
Beaumont. Pendulum clocks stopped.
Blythe.
Calipatria.
Del Mar.
Imperial. Broke dishes; dislodged a few bricks from old building.
Imperial Valley. Broke glass.
National City. Pendulum clocks facing west stopped.
Nyland. Cracked plaster.
Palm City. Spilled water from outdoor containers.
Plaster City. Moved small objects and furnishings; spilled water.
San Diego. Pendulum clocks stopped.
San Jacinto. Moved small objects and furnishings; spilled water.
INTENSITY V IN ARIZONA :
Gadsden. Moved small objects and furnishings; spilled water.
Gila Bend. Opened door; pendulum clocks stopped.
Sentinel. Damage slight in wood buildings.
Wellton. "All damage done was to schoolhouse."
Yuma. Strong shock ; slight damage.
Intensity IV in California: Balboa, Barrett Dam, Boulevard, Campo, 

Coachilla, Colton, Coronado, Encanto, Hipass, Indio, Jamul, La Jolla, 
Mecca, Mesa Grande, Mission Hills, Mount Laguna, Nestor, Ontario, Palm 
Springs; Pine Valley, Ramona, San Bernardino, San Marcos, Santa Ana, 
Santa Ysabel, Spring Valley, Sunnyside, Tecate, Valley Center, Vidal, 
and Vista.

Intensity IV in Arizona: Aztec, Vicksburg, and Wen den.
Intensity III and under in California: Artesia, Banning, Bonita, Bos- 

tonia, Chino, Chula Vista, Elsinore, Encinitas, Escondido, Etiwanda, Fall- 
brook, Harbison Canyon, Hemet, Leucadia, Los Angeles, Oceanside, Pala, 
Pasadena, Point Loma, Pomona, Rancho, Riverside, Rosemead, San Onofre, 
Shandon, Solana Beach, Temecula, Victorville, Warner Springs, Whittier, 
and Winchester.

Intensity III and under in Arizona: Buckeye, Kingman, Phoenix, Pi- 
chaco, Stanwix, Topock, and Tucson.
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Not felt in California: Adelanto, Amboy, Baker, Barstow, Brown, Cedar- 
pines Park, Chatsworth, Corona, Crucero, Daggett, Hodges Dam, German, 
Guasti, Ivanpah, Kelso, Lincoln Acres, Lomita, Maricopa, Reseda, River 
side, Sandberg, San Dimas, San Luis Rey, Santa Barbara, Swartout, and 
Twentynine Palms.

Not felt in Arizona: Apache, Bannon, Bisbee, Blue, Bonita, Cameron, 
Cascabel, Cave Creek, Chloride, Cochise, Copper Creek, Duncan, Eloy, 
Holbrook, Jerome, Metcalf, Navajo, Nogales, Pinedale, Safford, Sells, 
Springerville, Tombstone, Tukachukai, Yucca.

December 30: 5:55. Fairly strong shock probably centering offshore near 
Santa Cruz. Felt along the coast from Monterey to Sonoma County. 
Occurring only 3 minutes after the preceding Mexican earthquake, it 
caused early press reports to be confused as to whether the two shocks 
were the same. The Santa Cruz shock was in all probability set off 
by the trigger action of the Lower California earthquake. It actuated 
the strong-motion seismograph at San Jose. Felt over a land area of 
about 3,000 square miles. See map facing page 20. 

INTENSITY V IN CALIFORNIA : 
Alviso. Awakened all. 
Laurel. Spilled water east-west.
Los Oatos. Small objects and furniture moved; bulging plaster 

accentuated.
San Jose. Very sharp shock; guests in hotels and apartments gathered 

in hallways to discuss quake.
Santa Cruz. Cracked plaster; "damage slight in weakly built houses." 
Sunnyvale. Moved and overturned small objects; pendulum clocks 

stopped; spilled water north.
Intensity IV in California: Agnew, Los Altox, Miramar, Morgan Hill, 

Mountain View, Oakland, Pacific Grove, Palo Alto, Pescadero, Pigeon Point 
Light Station, Redwood City, Ross, San Anselmo, San Francisco, San 
Mateo, and Stanford University campus.

Intensity III and under in California: Antioch, Aptos, Corte Madera,
El Granada, Half Moon Bay, Hayward, Lower Lake, Olema, Piedmont,
Point Conception, San Rafael, Rockaway Beach, Soquel, Southampton, and
Spreckels.

December30: 6:19. El Centre and Imperial; aftershock of Lower California
quake.

December 30: 6:30.* Imperial; weak shock. 
December 30: 6:40. El Centro ; strong aftershock. 
December 30: 7:34.* El Centro and Imperial; slight shock. 
December30: 8:37. Wellton and Yuma, Aiiz; strong aftershock. 
December30: 9:16. El Centro and Imperial; strong aftershock. 
December 30: 10:19. Wellton and Yuma, Ariz.; slight. 
December 30: 10:38.* El Centro; strong aftershock.
December 30: 10:45. Needles, V. Spilled coffee. Felt also at El Centro. 
December 30: 11:10. El Centro; strong.
December 30: 11:23.* El Centro and Imperial; strong aftershock. 
December30: 21:06. Imperial; slight.
December 30: 21:56. Los Gatos, IV. Felt also at Agnew, Half Moon Bay, 

Los Altos, Pigeon Point Light Station, San Francisco, San Mateo, Stanford 
University, and Sunnyvale.

December SO: 22: . Kingston, V. Moved furnishings; spilled water. Pasa 
dena reports a shock in Nevada at this time. 

December31: 1:06. El Centro; slight aftershock. 
December31: 2:53. Araz Junction: slight.
December 31: 10:46.* Lower California. The second and stronger of two 

destructive earthquakes within 30 Lours. Intensity probably X in the 
epicentral region, which was located from seismographic data at 31°.8 
north, 115°.1 west, about 35 miles southeast of the epicenter of December 
30, near the delta of tne Colorado River. As in the case of the earlier 
shock no report of field investigations is available so that again there 
is no verification of the instrumental epicenter. The shock was felt over 
an area of about 80,000 square miles in southern California, Arizona, and 
the lower tip of Nevada.

Information concerning effects in Lower California is again restricted 
practically to the reports furnished the Bureau by W. H. Kirkbride, chief 
engineer of the Southern Pacific Railroad. Details concerning the effects
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of this earthquake or that of December 30, or both, on towns along the 
Inter-California and Inter-California Del Sur Railroads are given in the 
report on the quake of December 30. In various parts of Lower Cali 
fornia irrigation canals were damaged, roads were buckled and twisted, 
crevises were opened in the ground, and communication service was im 
paired. Press dispatches state that hunters near Black Butte report being 
thrown to the ground. At the same time they saw fissures open, geysers 
of hot water bubbling from the alkali, and telephone poles shaken down. 
The shock was strongly felt at El Alamo, Ensenada, and Tijuana in Lower 
California, and throughout the Imperial Valley in southern California. 
It actuated the strong-motion seismographs at Hollywood, Long Beach, Los 
Angeles, and San Diego. The record at El Centro was used up in record 
ing the strong shock of the previous day.

As in the case of the preceding shock a large number of press reports 
were abstracted by Dr. C. F. Richter, of the Pasadena Seismological Labra- 
tory. His estimates of the intensities are included in the following 
abstracts.

INTENSITY VII IN CALIFORNIA :
Calipatria. Windows broken; chimneys and walls down; damage slight 

in brick and masonry.
El Centro and vicinity. Broke windows; snapped support on water tank.
INTENSITY VII IN ARIZONA:
Gadsden. Cracked ground; considerable damage in brick and masonry.
INTENSITY VI IN CALIFORNIA:
Btythe. Spilled water. Trees and bushes shook.
Calexico. Slight damage. Pendulum clocks facing west stopped.
Holtville. Spilled water south. Cracked plaster and walls; damage 

slight.
Imperial. Broke windows; cracked chimneys ; bricks fell.
San Diego. Plaster fell; windows broke; cracks in city hall widened; 

workers vacated buildings.
Westmor'eland. Spilled water east-west. Slight damage in brick and 

adobe.
INTENSITY VI IN ARIZONA:
Casa Grande.
Sentinel. Slight damage in wood buildings.
INTENSITY V IN CALIFORNIA :
Alpine. Cracked plaster.
Andrade. Small objects overturned; damage slight.
Barrett Dam. Trees and bushes shaken moderately.
Bonita. Spilled water northeast; trees and bushes shaken moderately.
Bostonia. Rattled goods on shelves of store.
Brawley. Overturned small objects and furnishings.
Campo. Rocking chair rocked.
Coachilla. Overturned small objects; spilled water from indoor con 

tainers.
Coronado. Slight damage.
Covina.
Del Mar. "Harder than that of December 30."
Heber. Spilled water east-west; cracked plaster.
Huntington Park. Overturned small objects; spilled water; cracked 

plaster; damage slight.
Jacum'ba. Overturned small objects; spilled water from outdoor con 

tainer ; "hardest shake this locality has ever experienced."
Jamul. Spilled water north from outdoor containers.
Lemon Grove. Cracked plaster slightly; "severest shock in 25 years."
National City. Pendulum clocks stopped.
Needles. Pendulum clocks facing north stopped.
Nestor. Spilled water east-west; damage slight.
Nyland. "Rolled auto back and forth."
Ocean Beach. Power lines carrying 4,000 volts sent out huge showers 

of sparks.
Palm City. Spilled water.
Palos Verdes. Small objects and furnishings moved.
Placentia. Pendulum clocks facing west stopped.
Plaster City. Pendulum clocks facing north stopped; moved small ob 

jects and furnishings; cracked plaster; damage slight.
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Point Loma. Vase fell; pendulum clocks stopped.
San Onofre. Frightened all.
Santa Ysabel. Trees and bushes shaken strongly.
Sa-n Ysidro.
Seeley. Plaster fell; damage slight.
Spring Valley. Trees and bushes shaken moderately.
Twentynine Palms. One chimney cracked. 

INTENSITY V IN ARIZONA :
Eloy. Cracked plaster; damage slight.
Mammoth. Broke dishes; cracked plaster.
Maricopd. "Water in railroad tank set gage in motion which lasted 

ajbout 5 minutes."
Phoenix. "People in Luhr's tower fainted."
Tucson. Moved furniture; dentist's tools slid around on table.
Yuma. Two severe shocks.
Intensity IV in California: Araz Junction to Burbank Junction, Cardiff 

by the Sea, Corona, Bncinitas, Bscondido, Huntington Beach, Hipass, 
Leucadia, Lincoln Acres, Long Beach, Los Angeles and vicinity, Mecca, 
Mesa, Miramar, Mount Laguna, Oceanside, Ontario, Pine Valley, Ramona, 
San Bernardino, San Jacinto, San Marcos, San Pedro, Santa Ana, Santa 
Monica, Solano Beach, Sunnyside, Tecate, Vidal, Vista, and Wilsie.

Intensity IV in Arizona: Aztec, Gila Bend, and Nogales.
Intensity III and under in California: Alhambra, Anaheim, Balboa, 

Beaumont, Bell, Beverly Hills, Bonsall, Borego, Brea, Burbank, Chula 
Vista, Colton, Compton, Crucero, Blsinore, Bncanto, Etiwanda, Fallbrook, 
Glendale, Harbison Canyon, Indio, La Habre, La Jolla, La Mesa, Las 
Flores, Lomita, Maywood, Mesa Grande, Pala, Pasadena, Pomona, Rancho, 
Rosemead, San 'Juan Capistrano, San Luis Rey, Santa Barbara, Santa 
Paula, Saugus, Seal Beach, Temacula, Valley Springs, Ventura, Victorville, 
Warner Springs, and Whittier.

Intensity III and under in Arizona: Buckeye, Casa Grande, Cochise, 
Kingman, Mohawk, Prescott, Vicksburg, and Yucca.

Intensity III and under in Nevada: Bonage Hill and Las Vegas.
Intensity III in Texas: Bl Paso.
Not felt in California: Adelanto, Azusa, Bakersfleld, Barstow, Bethany, 

Brown, Galpella, Campo, Carlsbad, Cedarpines Park, Chatsworth, Cima, 
Daggett, Del Loma, Fairmont, Guasti, Hodges Dam, Hynes, Inyokern, 
Ivanpa, Kelso, Llano, Western Los Angeles, Maricopa, Piedmont, Reseda, 
Riverside, Rosamond, San Dimas, Seven Oaks, Tehachapi, Venice, 
Winchester.

Not felt in Arizona: Bisbee, Bonita, Bowie, Cameron, Cavecreek, Casca- 
bel, Chloride, Flagstaff, Lupton, Metcalf, Paradise, Payson, Peach Spring, 
Pinedale, Safford, Seligman, Sells, Snowflake, Tombstone, Tukachukai, 
Wilcox, Winslow.

Not felt in Utah: Cedar City, Enterprise, Milford, Monticello, Panguitch, 
Parowan, St. George, Tropic.

December 31: 17:58. Five miles north of Huntington Beach, III. Epicenter 
33°34' north, 117°59' west, according to Pasadena.

WASHINGTON AND OREGON

[120th meridian or Pacific standard time.] 

All places mentioned are in Washington unless otherwise indicated

January 1: P. M. Acme, III. Dishes rattled.
February 6: 5: 20. Puget Sound region. Ill to IV at Grapeview. Felt also at 

Bremerton, Lakebay, Olympia, Queen Anne Hill, Seattle, and Tacoma. Many 
were awakened at Bremerton, where two shocks were felt.

February 7: 24:00. Sultan; two slight shocks.
March 9: 8:00. Lakeside, IV.
March 10: 7:53. Chelan Falls, IV. Lakeside; distinct.
March 10: Chelan Falls; felt. Lakeside; felt.
March 11: About 16:00. Waterville, III.
April 28: 7:15. Everett, II. "Two shocks, 2 to 5 minutes apart."
April 28: 14:30. Everett, IV. Small objects moved.
April 28: 19: 30. Everett? IV.
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April 28: 20:00. Everett; slight.
April 28: About 24:00. Everett, slight.
May4: 20:06.* Puget Sound region, V. A series of shocks; the first and 

strongest, beginning at 20: 06, was followed by shocks of less intensity 
over a period of several minutes. It was recorded by most sensitive 
seismographs on the Pacific coast. The epicenter was apparently in Puget 
Sound just east of Victoria. 

INTENSITY V:
Anacortes. Small objects and furnishings moved; three shocks extending 

over a period of several minutes, 20: 06 to 20:13.
Arlington. Pendulum clocks facing east stopped; trees and bushes 

shaken moderately.
Bay View. Clocks stopped.
Bellingham. Furniture moved; plaster dust was shaken from ceilings; 

houses and buildings swayed.
Deming. Desks moved; water spilled from indoor containers. 
La, Conner. Doors on cupboard shaken open and dishes fell out. 
Mount Vernon. A few windows cracked; "most severe within inhabit 

ants' memory."
Port Angeles. People left homes and theaters.
Intensity IV: Blanchard, Bow, Bryant, Carlsborg, Clinton, Coupeville, 

Everett, Florence, Greenbank, Hartford, Joyce, Kennydale, Langley, 
McMurray, Marietta, Neah Bay, Oak Harbor, Ovington, Port Orchard, Port 
Towhsend, Possession, Pysht, Seattle, Shelton, Tatoosh Island.

Intensity III and under: Aberdeen, Bremerton, Burley, Clearwater, 
Concrete, Darrington, Eatonville, Forks, Granite Falls, Hoquiam, Keyport, 
La Push, Lowell, Monroe, Quilcene, Quinalt, Sappho, Sedro Woolley, 
Sequim, Silverton, Sumas, and Tacoma.

Not felt: Alder, Black Diamond, Brinnon, Bucoda, Cedar Falls, Machias, 
Malone, Nagrom, Nisqually, Parkland, Puyallup, Redmond, Seattle Heights, 
Union, Vesta, Zenith.

May 10: p. m. Deming, III. 
/July 6: 14: 50. North Bend, Oreg., III.

September 14: 23:00. Ellensburg, IV. Windows and doors rattled.
September 17: p. m. Ellensburg; series of slight shocks.
September 18: Midnight. Ellensburg, V; moved small objects; slight damage.
September 22: 11:30. Ellensburg, IV; some small objects fell.
September 22: 17:37. Ellensburg, IV. Moved small objects; preceded and 

followed by faint rumbling sound. Not felt at Moxie, Signal Peak Ranger 
Station, Sunnyside, Yakima.

September 26: 16:15. Ellensburg, V. Cracked plaster.
September 26: 16:45. Ellensburg, V; frightened many; shook plaster from 

buildings.
September 26: 21:15. Ellensburg; almost as severe as that of 16:15.
September 27: Ellensburg. Several earthquake shocks felt in Ellensburg cli 

maxing a series of more than 20 which were felt over a period of 18 
days. Damage was limited to cracked plaster.

October 4-' 2:26. Ellensburg, IV. Pictures on walls disarranged; "accom 
panied by muffled roar." Not felt at Easton, Goose, Prairie, Kittitas, Ros- 
slyn, Trinidad, Wenas, Yakima.

October 11:21:19. Ellensburg, IV. Windows, doors, and dishes rattled; 
accompanied by moderately loud explosive sound.

October 12: 6:08. Ellensburg, slight.
October 12: 6:46. Ellensburg, slight.
October 19: 23:31. Ellensburg, V. Moved small objects and furniture; bricks 

displaced from one chimney; "as though a heavy blast had been fired deep 
under the house."

October 20: 2:07. Ellensburg, slight.
October 29: 18: 36. Ellensburg, IV; abrupt explosive jolt.
November 1:7: 28. Ellensburg, V. Pictures and dishes broken, plaster cracked 

in a few instances. Ten distinct slight earthquakes felt in Ellensburg on 
November 1.

November 2: 14: 54. Ellensburg, slight.
November 2: 15:16. Ellensburg, slight.
November 2: 15:17. Ellensburg, V. Slight damage to chimneys and cornices.
November 2:15:25: Ellensburg, heavier than preceding shock, probably 

heaviest shock so far.
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November 3: 6:50*. Puget Sound region, IV. Origin possibly in the moun 
tains east of Mt. Vernon. Felt most strongly at Rockport. Records on 
nearby seismographs very weak.

Intensity IV: Bow, Bryant, Concrete, Darrington, Everett, Granite Falls, 
Monroe, Port Townsend, and Robe.

Intensity III and under: Bellingham, Burley, Clinton, Florence, Graham, 
Lake Chelan, Langley, Mount Vernon, Possession, Sauk, Seattle, Sedro 
Woolley, Snohomish, Tacoma, and Winton. 

Not felt at Ellensburg.
November 19: 7:45. .Ellensburg, loose objects rattled; "accompanied by ex 

plosive or bumping sound."
November 27: 19:00. Ellensburg, distinct vertical jar.
December 1: 19:00. One and one-half miles southeast of Ellensburg; strong 

vertical movement; "seemed to occur right under the house."
December 1: 23: 00. One and one-half miles southeast of Ellensburg; not so 

strong as the one at 19:00.
December 2: 5:00. One and one-half miles southeast of Ellensburg; strong 

vertical movement of short duration; windows rattled, bed shook.
December 2: 16:00. One and one-half miles southeast of Ellensburg; "house 

jerked, movement came from the west."

ALASKA

[150th meridian time]

January 15: 0:40. Anchorage; slight.
January 18: 15:55. Susitna; slight.
January 18: 16: 47. Homer, IV.
January 19: 15:41. Seward, III.
January 20: 0:15. Susitna; slight.
January 25: 9:02. Anchorage, IV. Susitna; slight.
February 10: 21:35. Anchorage, sharp jolt.
February 11: 16:30. Anchorage; slight.
February 11: 21: 50*. Juneau, V. Cracked plaster; rock dump of mine settled 

in several places wrecking stackers. Slight damage to buildings. Recorded 
instrumentally at Sitka.

March 5: 21: 30. Seward ; slight.
March 20: 9:45. Afognak and Whale Island, III.
March 26: 8:15. Susitna; slight.
March 29: 17:30. Homer; slight.
March 29: 17:42. Anchorage, IV.
March 29: 17:56. Susitna; slight.
March 29: 18:07. Anchorage, IV. Recorded instrumentally at Sitka and at 

Bozeman, Mont.
April 2: 13:20. Anchorage; jolt.
April 3:0: 40. Anchorage, IV. Awakened many.
April 3: 6:20. Seward, IV; Anchorage, III.
April 6: 13:55. Anchorage, slight jolt.
April 6: 19: 52. Susitna, III.
April 7: 15:43. Anchorage; slight jolt.
April 7: 16:38. Anchorage; slight jolt.
April 7: 16:45. Anchorage; slight jolt.
April 9: 17: 35. Kodiak, AVhale Island, and Afognak, III.
April 10: 10:34. Anchorage; slight.
April 13: 10: 03. Anchorage; gave observers sinking feeling.
April 19: 8: 52. . Anchorage V. Slight damage. Felt also at Seward.
April 19: 13:58. Anchorage; slight,
April 21: 10:59. Anchorage; slight.
April 23: 17 : 47. Susitna, III.
April 23: 18:07. Anchorage, III. Recorded instrumentally at Sitka. Felt 

also at Homer.
April 27: 17 : 51. Susitna ; slight.
April 29:  : . Susitna; "strong."
May 3; 18:10. Susitna; IV.
May 3: 18:36*. Instrumental epicenter 61° north, 148° west, about 125 miles 

northeast of Seward. Anchorage, VI. Broke windows and put some tele 
phone lines out of commission; store goods jarred from shelves. People
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left homes. "Strongest since April 26, 1933." Intensity V at Cordova, 
Kennecott, Long Lake, and McCarthy. Felt by many at Fairbanks, Homer, 
Kasilof, McKinley Park, Nenana, and Seward.

Recorded instrumentally at many stations. 
May 3: 22: 10. Anchorage; slight. 
May 3: 23: 00. Cordova; slight. 
May 8: 23:30. Homer and Seward; strong. 
May 4: 1:15. Anchorage, sharp; lasted 15 seconds. Local shock recorded

at Sitka at 1:11. 
May 4:2: 00. Cordova ; slight. 
May 4: 3:15. Anchorage; slight. 
May 5: 2: 35. Anchorage; awakened sleepers; lasted 45 seconds, Also felt

at Cordova.
May IS: 15:17. Anchorage; slight. 
May IS: 23:54. Anchorage; slight. 
May 14: 6:43 Anchorage; slight. 
May 14: 10:16. Kodiak and Afognak, IV. Felt by all but not strong. Felt

slightly at Homer.
May 14: 12:13.* Kodiak, VI. Kodiak and Whale Island rocked severely. 

Everyone ran outdoors in Kodiak fearing buildings might collapse; mer 
chandise fell from shelves; plaster cracked; landslide about a mile from 
Kodiak blocked about 60 feet of road. Shock said to have been worst 
since 1900. Probably almost as severe at Afognak and Whale Island.

Intensity V at Kanatak and Seward. Also felt at Anchorage, Homer, 
and Susitna.

Recorded at many seismograph stations; instrumental epicenter 58° 
north, 153° west.

May 15: 3:57. Afognak and Whale Island; slight. 
May 15: 7:05. Kodiak, IV. Slight at Afognak. 
May 15: 12: . Kodiak and Seward, V. Toppled merchandise. 
May 15: 13: 40. Kodiak and Afognak; felt by many. 
May 26: 12:32. Kodiak; two shocks felt by many. Recorded at Sitka. 
May 29: 1:19. Anchorage and Susitna; slight. 
May 30: 12:49. Anchorage and Susitna; slight.
June 2: 6:45*. Anchorage; fairly strong, lasted 20 seconds. Also felt at 

Seward. Widely recorded. Epicenter approximately 60° north, 152° west. 
June S: 20:10. Anchorage; slight. 
June 11: 14:35. Seward; slight. 
June 15: 9:30. Seward; slight. 
June 17: 13:15. Anchorage; slight. 
June 17: 22:40. Kodiak, III.
June 17: 23:14.* Anchorage, V. Frightened many; broke plate glass; 

knocked over light objects. Probably of same intensity at Seward. Lake 
Kenai, 8 miles north of Seward, was reported to have been covered with a 
film of sulphur. Felt also at Afognak, Homer, and Valdez. Instrumental 
epicenter 60.5° north, 150° west. 

June 18: 5:00. Valdez; slight.
June 18: 19:55. Kodiak, IV. Also felt at Afognak and Whale Island. 
June 18: 23: 00. Kasilof, IV. 
June 19: 5:45. Kodiak, IV. 
July 14-' 13:12. Anchorage; slight. 
July 15: 19:25. Anchorage: slight. 
July 19: 15:57.* Juneau, IV. Moved small objects. Also felt at Taku Inlet.

Recorded on the seismograph at Sitka.
August J:21:13. Anchorage, V. Overturned small objects; broke dishes. 

Intensity IV at Seward and Susitna where radio reception was interfered 
with for a time. Instrumental epicenter 62° north, 148° west. 

August 1: 21:37. Matanuska; moderate shock. 
August 1: 22:00. Kennecott; slight. 
August 11: 22:00. Seward; slight. 
August 24: 12:45. Anchorage, IV. Matanuska, III. 
September 15>: 2 : 00. Matanuska; slight. 
September 22: 2:05. Seward and Matanuska; slight. 
October 3: 16:05. Susitna; slight. 
October 6: 8:07. Susitna; slight. 
October 10: 16:23. Fairbanks, IV. 
October 14: 15:55. Seward; slight.
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October 17: 16:20. College; slight.
October27: 15: 19. Anchorage; slight.
October 28: 12:04. Seward; slight.
October28: 14:05. Anchorage; slight.
November 3: 6 : 00. Kobuk, IV.
November 6: 14 :14. Anchorage; slight.
November 9: 6:40. Seward, IV. Felt also at Anchorage and Homer.
November 9: 8: 40. Seward.
November 9: 9: 41. Seward.
November 10: 10:10. Anchorage; slight.
November 11: 13: 35. Seward, IV. Felt also at Anchorage and Homer. Not

felt at Kennecott.
November 12: 13:45. Susitna ; slight. 
November 20: 0: 30. Seward; slight. 
November 22: 8 : 30. Anchorage; slight. 
November22: 8: 50. Susitna; slight. 
November 28: 7:13. Juneau, IV. 
November 28:19:13.* Gustavus, V. Recorded on seismographs at Sitka and

elsewhere.
November 29: 15:35. Juneau, III. Felt also at Gustavus. 
November 29: 17:00. Juneau, III. 
December 18: 17: 00. Haines ; slight. 
December 20: : . Matanuska; slight. 
December 21: 14:10. Anchorage and Homer; slight. 
December 22:  : . Matanuska; slight. 
December 28: : . Susitna; slight. 
December 29: 1: . Homer, III. 
December29: 2:20. Anchorage and Homer; slight. 
December 29: 8:50. Homer, III.

HAWAIIAN ISLANDS

[157%th meridian (west) time]

NOTE. In the case of these islands with their many earthquakes of volcanic origin, only 
the more severe ones are listed. Reports of the Volcano Research Laboratory under the 
jurisdiction of the United States Geological Survey and the Hawaiian Research Associa 
tion give all details. The epicenters of seventy-five local shocks have been published by 
A. E. Jones in the Journal of the Washington Academy of Sciences, volume 25, no. 10, 
October 15, 1935.

May 10: 10: 09 *. Moderate shock felt on the eastern side of Hawaii. Strongest 
near Hakalau, where residents ran from buildings. Strong also at Hilo, 
Honomu, North Kohala, and Honokaa, moderate at Hookena and Kapapala, 
and weak at Holualoa and Puuwaawaa. The location determined instru- 
mentally by the U. S. Geological Survey is at a depth of 17 miles under 
the northeast section of Mauna Loa, at latitude 19°38' north, longitude 
155°23' west.

September 6: 2:00. Weak tremors followed by eruption of Kilauea volcano. 
Further slight shocks continued for some weeks.

PHILIPPINE ISLANDS

[120th meridian (east) time]

January 29: 13: 30.* Daet Camarines Norte. Intensity VI, duration 3 seconds.
February 14: 12:00.* Strong earthquake in the China Sea felt throughout all 

of Luzon except the southeast peninsula. Felt also in Formosa and Hong 
Kong. Epicenter 17°20' north, 119°25' east, according to Manila. The 
shock did some minor damage on land and ruptured a cable at sea. Small 
tidal wave at San Sebastian.

June 6: 17: 44.* VII at Borongan, Samar; duration 8 seconds.
November 26: 20:10.* Lubang Island, intensity VI. Strong also at Manila, 

where numerous bamboo dwellings were wrecked and a few downtown 
buildings damaged. Epicenter 14°10' north, 120°10' east, according to 
Manila.

November 21: 15:48.* VI at Tacloban and IV-V at Guinan. Epicenter 
11°05' north, 125°05' east, according to Manila.
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PUERTO RICO

[60th meridian time]

August 2: 3:41.* Awakened several families and caused some alarm at San 
Juan. At Caguas the shock was strong but caused no damage.

PANAMA CANAL ZONE

[75th meridian time]

March 28: 11: 32.* Balboa. Felt by a very few people.
July 17: 20:30.* A destructive shock originating about 20 miles off the coast 

of Chiriqu'i Province, Panama, in the Bay of David, an arm of the Pacific. 
Maximum intensity on shore, about VII. Epicenter 8.0° north, 82.5° west. 
Between July 17 and August 17, 114 shocks were recorded on the seismo 
graphs at Balboa Heights, about 200 miles away. Banana conveyors on 
pier at Puerto Armuelles jumped their tracks and were badly twisted 
but no well-built structures in the town were badly damaged. Many per 
sons, however, spent the night outside. The well pipe of tide gage on pier 
at Puerto Armuelles was carried away. At David the damage was esti 
mated at $50,000. Walls crumbled, and iron and tile roofs caved in. 
Nearly every house in the city was at least cracked. Apparatus was re 
moved from the National Telegraph office. Four persons were injured in 
the collapse of several adobe houses. One person at Fort Davis, Canal 
Zone, was killed in a leap from a third-story window. The foundation 
of a triangulation tower near Balsa Point shifted about one-half inch down 
hill. The main shock and several aftershocks were strongly felt by ships 
anchored offshore in the epicentral region. There were no seismic sea 
waves.

This shock was recorded on the strong-motion seismograph at the Balboa 
Heights observatory.

For a more detailed account of this series of shocks see extracts on page 51 
taken from an unpublished report of R. Z. Kirkpatrick, chief of surveys, 
the Panama Canal.

July 17: 23:01.* Aftershock. IV at Balboa.
July 18: 8: 00 to 10: 03. Balboa. Several shocks noticed.
July 18: 11:10.* Aftershock. Ill at Balboa.
July 18: 12:00.* Aftershock. IV to V at Balboa. Actuated strong-motion 

seismograph at Balboa Heights.
July 18: 12:56,* 21:21,* 22:26,* 23:03.* Aftershocks felt faintly at Balboa.
July 19: 11: 28,* 19: 56.* Aftershocks felt faintly at Balboa.
July 21: 5: 39.* The most destructive shock of the Chiriqui Province earth 

quakes. Epicenter practically the same as for the shock of July 17, 8°.0 
north, 82°.5 west. Maximum intensity on shore about VIII. At Puerto 
Armuelles a 400-foot length of the deep-water section of the Government 
pier collapsed and sank into the sea, taking with it three banana con 
veyors valued at $250,000. Seventeen houses and a large water tank, the 
main water supply of the town, were destroyed, but there was no serious 
injury. Some cracks appeared in the ground and there was evidence 
that water had flowed from them. Two mooring buoys near the dock 
shifted about 1,000 feet, believed to have been due to shifting of sediments 
on the sea floor, but there was no indication of a seismic sea wave nor 
was there any material settlement of the sea bottom. At Balsa Point 
the foundation of the triangulation station mentioned in the shock of 
July 17 was found to have shifted aboxit 3 inches down hill. The damage 
due to this shock at Puerto Armuelles and David was estimated at 
$750,000. Details of the effects of the second strong shock at David are 
scarce but it appears that many structures weakened by the previous 
shocks collapsed entirely. There was no loss of life as practically the 
entire population was living outdoors.

For a more detailed account of the shock see page 51.
July 21: 8:19.* Aftershock felt faintly at Balboa.
July 23: 9:02.* Aftershock felt faintly at Balboa. Some damaged homes in 

David City were leveled and two telegraph lines between David City and 
Puerto Armuelles were put out of commission.

August 10: 9:27.* Aftershock felt with intensity IV at Balboa. Actuated 
strong-motion seismograph at Balboa Heights.

"November 9: 11:12.* Aftershock felt generally throughout Panama.



42 COAST AXD GEODETIC SURVEY 1934 

MISCELLANEOUS ACTIVITIES

GEODETIC WORK 

EARTHQUAKE AND SETTLEMENT INVESTIGATION, 1934

During the year 1934, the following lines of levels were run for 
the purpose of earthquake investigation or detection of earth move 
ments :

Releveling, Long Beach area, California. (In progress at the beginning of 
the year.)

Harbor City to Redondo Beach, Calif. (In progress at the beginning of 
the year.)

Playa del Rey to Los Angeles, Calif.
Azusa to Coldbrook Camp, Calif.
Oakland to Martinez, Calif.
Vicinity of Goleta, Calif.
Settlement investigation, vicinity of San Jose, Calif., spring 1934.
Settlement investigation, vicinity of San Jose, Calif., fall 1931.
Redlands to Victorville, Caiii.
Releveling, vicinity of Kosmo, Utah.

Releveling, vicinity of Kosmo, Utah, is the only line which has 
been fitted to the first-order-level net and the results issued in 
mimeographed f-.rm

Elevations only for the releveling, Long Beach area (item 1 
 above) are available in the form of blue-print copies of the manu- 
.script list. Descriptions for all marks included, except new ones 
established during the releveling, are available in older mimeo 
graphed lists.

TIDAL OBSERVATIONS

No tidal disturbances of seismic origin were noted on the gages of 
the Bureau and cooperating stations during the year. Disturbances 
due to Chiriqui Province, Panama, earthquakes in July were re 
corded on gages of the Naval Hydrographic Survey in the epicen- 
tral region but they were more typical of seiches than true seismic 
sea waves.

HYDROGRAPHIC WORK

Vessels of the Coast and Geodetic Survey are directed to make 
reports of visible or felt effects of earthquakes. No shocks were 
reported.



THE UTAH EARTHQUAKE OF MARCH 12, 1934

The descriptive material given here supplements that already 
given in the routine manner on page 13 of this publication. As 
already stated the following extracts are taken from an unpublished 
report prepared by Philip J. Shenon of the United States Geologi 
cal Survey, who made a personal survey of the affected territory. 
Reference should also be made to the isoseismal map on page 14, which 
was prepared with Mr. Shenon's collaboration.

Rock slides. "Several hundred tons of rock slid down the hillside 
just north of Monument Rock. Another slide is reported to have 
taken place near Snowville. Ralph W. Duval reports that rock fell 
from the face of the quarry cut at Aragonite, Utah. J. Frank 
Thomas reports that several hundred yards of rock and earth were 
shaken down from the face of the East Quarry, which is located at 
Lakeside, Utah."

Ground cracks. "A number of ground cracks were developed in 
the epicentral area. Most of the cracks are in the salt flats, or in 
poorly consolidated gravel and related rocks that probably belong 
to the Lake Bonneville sediments. Some cracks were formed in 
consolidated rocks, for example in the quartzite of Monument Rock. 
The ground cracks which cut the poorly consolidated rocks have 
been traced for over 5 miles. No one of them is continuous for a 
great distance; rather, there is a tendency for the cracks to develop 
en echelon patterns. In most places there are several more or less 
parallel cracks. In general the cracks strike north or slightly east 
of north and all of those noted by the writer had nearly vertical 
dips. Four distinct fractures cross the road about 3 miles north of 
Kosmo. They are about one-half mile apart. The vertical displace 
ment along the fractures ranges from 2 inches to about 10 inches. 
Except for one of the faults, the displacements have all been down 
on the east side. The west side dropped about 3 inches along the 
fault which crosses the road nearest to Kosmo. Prof. Reed Bailey 
reports a vertical displacement of 20 inches along one of the 
faults on the salt flats northeast of Kosmo. He states that this 
fault stood open in places for 18 inches, and that an increase in 
displacement of 5 inches was noted during a period of 1 week. 
No horizontal movement was noted, and, because opposite sides of 
the fracture match, it is believed that the movements were almost 
entirely vertical. See figure 8. This is borne out by an observa 
tion of Prof. F. J. Pack, who was one of the first to visit the 
epicentral area. He reports that old automobile tracks that had 
been cut into roads previous to the earthquake when the roads were 
muddy were not offset horizontally where faults crossed the road. 
One graben was noted on the flat about 3y2 miles north of Kosmo. 
This graben is about 60 feet across, but was traced for only about 
400 feet along the strike. The displacement on the west side is 8 
inches, and on the east side about 5 inches. The dips on both sides 
of the graben are about vertical."

43
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" No displacements could be seen in the fractures that cut bed 
rocks. Several open fractures cut Monument Rock, which is com 
posed of quartzite. The quartzite has been greatly brecciated and

recemented. Several inches of banded travertine occurs along one of 
the fractures which stands open for a distance of from 12 to 18 
inches. This fracture strikes about north 20° east and has a ver-



UNITED STATES EARTHQUAKES, 1934 45

tical dip. Large amounts of water flowed from the larger cracks 
after the earthquake."

Origin of the fractures. "Hansel Valley is similar in appearance 
to many other valleys in Utah and Nevada that are commonly de 
scribed as being of the Basin and Range type. Hansel Valley is 
several miles wide, trends north and south and is flanked by steep 
slopes on both east and west sides. The east front is particularly 
steep, whereas the steep appearance of the west front is somewhat 
subdued by the low gravel hills which lie in front of the range. 
Faceted spurs are characteristic of the mountain fronts."

"As previously stated, actual displacements were not noted in bed 
rock. The fractures noted in Monument Rock may have been opened 
by the oscillations attending the earthquake, or there may have been 
slight movements along the fractures. The origin of the faults in 
the poorly consolidated gravel and related rocks is not certain. 
They may be the surface expression of fault movements that occurred 
in the bedrocks below, or they may be secondary cracks caused by 
shaking and slumping. It should be pointed out, however, that the 
more persistent of the faults follow very closely the fronts of ter 
races. However, instead of following along the base of the terraces, 
as might be expected, as at "b" in figure 10, they follow close to 
the top, as at "a" in figure 10. This relationship between the faults

FIGURE 10. Diagram showing relation between faults and terraces. Utah earthquake.

and the terraces is so consistent that it strongly suggests that the 
terraces are of fault origin and that the recent faults follow along 
surfaces of old displacements."

Springs and wells. "Numerous springs developed in the epicen- 
tral area as a result of the earthquake. So far as known, all of 
the springs rose along well-defined fractures and most of them 
formed in the salt flats. The springs in Monument Rock are the 
notable exceptions. Individual centers of flow developed along 
some fractures and, because the water carried considerable sediment, 
mud cones were built up where the flows came to the surface. See 
figure 11. At other places water did not tend to flow out at localized 
points, but rather flowed out in about equal volume for some distance 
along certain fissures as in figure 11. Considerable water flowed 
from the fractures that cut Monument Rock. Previous to the earth 
quake, water did not flow from these fractures. All of the water 
flowing from the springs had a strong salty taste. This would be 
expected because the water flowed through salt beds.
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"Most of the fractures from which water flowed trend northerly. 
The principal exception is the fracture about 200 feet south of 
Kosmo which trends north 70° wrest and has a nearly vertical dip. 
This fracture is situated at the edge of a terrace about 6 feet high.

"In places large holes formed around the springs due to caving 
of the soft material through which the wrater flowed. Two such holes 
were formed in the salt flats immediately northeast of Monument 
Rock. These holes had diameters of from 8 to 10 feet on March 16, 
1934, and about one-half second-foot of water was flowing from one 
of them. Less water flowed from the other. Prof. Reed Bailey 
states that one of these holes was 37 feet deep.

FIGURE 11. Water issuing from fault on salt flat northeast of Kosmo. Utah earthquake.

"Ill addition to the springs, water flowed from an old well near 
Kosmo immediately after the first disturbance. The well is said 
to be 350 feet deep. Casing projects above the ground for about 
1 foot. On March 1G water was not flowing from the well, but 
considerable wet mud around it showed that it had flowed a short 
time before.

"The springs have formed largely in loosely consolidated material 
along the old shore line of Great Salt Lake and hence the material 
is probably well saturated with water. It is believed that settling 
and slumping of this material as the result of the earthquake forced 
the water to the surface along the fractures.

"An observation by Professor Pack indicates that the water in some 
places must at first have been forced from the ground under con 
siderable pressure. He reports that he found pieces of sod some 
distance away from old seeps from which they clearly had come.

"Airway officials at Loco-motive Springs Landing Field report 
that Locomotive Springs dried up at first and then flowed red water 
for 8 hours. They report that the spring probably increased its
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flow 30 percent after the earthquake. George H. Taylor reports 
that automatic gages on all wells in the Salt Lake and Ogden dis 
tricts were noticeably affected. The effects apparently different in 
the various wells. For example, one well at Ogden quit flowing at 
first, and then started spurting. Water level in another well rose 
about 9 inches, and remained there. One pressure recorder in Ogden 
showed a maximum fluctuation of 12 feet, 7 feet of which was rep 
resented by increased pressure."

Oil seeps. "It was reported that oil seeps about 10 miles south 
of Promontory Rock were greatly increased. However, E. G. Law- 
son, who visited the seeps, reports that no particular changes were 
noted."

Nature of motion and sounds. Mr. Shenon states that reports va 
ried greatly concerning the direction of the ground motion. (Stu 
dents of earthquake phenomena are generally agreed that motion 
in any one direction is not to be expected.) In the epicentral re 
gion it was reported as a bumping motion. A farmer near Kosmo 
stated that movements in his pasture resembled waves on water. 
Many reported sounds of a roaring, rumbling, thunderous nature 
like the passing of a train and a few as far away as Salt Lake 
City reported hearing them. Reports on the duration of the shock 
varied greatly around an average value of about 30 seconds.

Isoseismal map. With reference to the most prominent feature 
of the isoseismal map, Mr. Shenon writes as follows: "The iso- 
seismals show a striking irregularity at the southeast and a less 
pronounced irregularity at the northeast. On the southeast the iso- 
seismals are crowded inward within an area that follows very 
closely the trend of the Uinta Mountains. Apparently this group 
of mountains, which represent a domed uplift, acted as a buttress to 
the earthquake vibrations."

Causes of the earthquake. "Utah is traversed by many large 
faults. The principal known ones are shown on plate 14 of United 
States Geological Survey Professional Paper 111. In general these 
faults define the large north-south trending valleys that character 
ize the western half of the State. The fault fronts in general are 
steep and show many faceted spurs.

"The map referred to above does not show faults bordering Hansel 
Valley. However, detailed work in this region would probably 
show the presence of faults on both sides of the valley. The valley 
sides have the same type of steep fronts and faceted spurs that 
are so well developed elsewhere in Utah along known faults.

"A number of faults in Utah are known to have been active in 
comparatively recent times. For example, the Wasatch fault near 
Salt Lake cuts and displaces glacial moraine of probable Pleistocene 
age at the mouth of Little Cottonwood Canyon. After the earth 
quake near Beaver, in 1901, observers state that large cracks were 
opened in the ground, but do not indicate the cracks showed dis 
placements.

"All of the fractures showing displacements near Kosmo which 
developed during the recent earthquake were in gravel or related 
rocks. Hence, it cannot be definitely stated that the fractures were 
not formed by slumping and settling as a result of the earthquake
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vibrations. However, as previously stated, the close association of 
the fractures with terraced forms and lines of old springs strongly 
suggests that the recent displacements followed along old surfaces 
of movement. This, in turn, suggests that the fractures may have 
been caused by adjustments in the bedrocks below, and that the 
faults that define Hansel Valley are still active, and that the recent 
earthquake was caused primarily by movements along these faults. 
This is borne out by the seismic record of the vicinity which shows 
that it has been an active center for earthquakes for many years."

THE PARKFIELD, CALIF., EARTHQUAKES OF JUNE 7, 1934

The following extracts are taken from an unpublished report on 
the shocks by Graham B. Moody, of the Standard Oil Co., who 
made a survey of the epicentral area between June 26 and 30, in 
clusive. The Standard Oil Co. has kindly consented to permit 
publication of this material, which is of inestimable value to the 
seismologist and others interested in such investigations. Without 
it, information concerning effects in the epicentral area would be 
practically negligible.

In addition to this report, attention is called to an investigation 
of the shocks by Byerly and Wilson, of the University of California 
(see footnote reference, p. 25) and to the data in this publication 
on pages 24 to 27.

The following extracts are from Mr. Moody's report, omissions not 
being indicated.

Introduction. "A field examination was made from June 26 
to 30, inclusive. Numerous people were interviewed at various 
localities (from Bakersfield to Coalinga to Priest Valley to Cholame 
to Paso Robles to Ventura) in order to obtain 'eyewitness' versions 
of the earthquake. The country between Priest Valley and Cholame 
along the San Andreas Fault Zone was examined for indications of 
surface displacement at the time of the earthquake."

Geology of the area. "Northwest-southeast trending faults split 
the region into long, comparatively narrow blocks and slivers. The 
topography has been greatly affected by movement and subsequent 
erosion along the faults."

"The San Andreas fault zone is of greatest interest because it is 
along it that the most recent movements have occurred. This zone 
varies someAvhat in this area but is about 2 or 2^ miles in width. 
It is composed of several en echelon faults. Maximum displacement 
has not occurred along any one fault but steps from one fault to 
another in proceeding along the zone.

"Kew reports that he observed from the air a northwest-southeast 
trending fault which passes through the southwest corner of the 
fence at Cholame Ranch. This area is covered by valley fill. The 
fault cannot be mapped from surface evidence. It is in the San 
Andreas zone and is a probable locus of earthquake epicenters."

The earthquake. "Foreshocks. The first foreshock occurred on 
June 5 at 3:47 a. m., and the last one 011 June 7 at 8: 31 p. m. A 
complete list of the foreshocks follows:
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Date

June 5__ _ -_ - -__ -_ _ _ _

June 6 _

June 7 ...- - _

Time

3:47 a. m __________
5:47 a. m_ __ .
1:49 p. m_______ ___
2:53 p. m___________
4:56 p. m _ _ _
8:40 a. m___________
2:40 p. m __________
8:31 p. m___________

Magnitude

3
3
5
4
3
2.5
3.5
5

"The figures under 'Magnitude' designate the relative destructive 
capacities of the shocks. The magnitude scale has been developed 
by Wood and Richter from a long study of the effects of shocks of 
varying intensities at varying distances on the instruments at Pasa 
dena and other seismological stations."

The Wood-Richter "magnitude" scale is described in the Bulletin 
of the Seismological Society of America, volume 25, no. 1, pages 1 
to 32.

"The Parkfield earthquake, in comparison to other California 
earthquakes, had an unusually large number of foreshocks. The Long 
Beach earthquake, for example, had only one foreshock. None of 
the Parkfield foreshocks caused any damage but did create a great 
deal of alarm. The two heaviest ones occurred at 1:49 p. m. June 
5 and at 8: 31 p. m. June 7, and were felt strongly at San Luis 
Obispo, Kettleman City, and other distant points.

"Major shocks. The major shock occurred on June 7 at 8: 48 p.m., 
17 minutes after the last foreshock. This shock had a magnitude 
of 6 on the Wood-Richter scale. The intensity was high in 
grade VIII, Rossi-Forrel scale. It was only slightly less intense 
than the Long Beach earthquake of March 10, 1933.

"The Parkfield area is thinly populated. Most of the houses are 
old wood-frame structures built low on the ground and are capable 
of withstanding severe vibration without suffering great damage. 
Not one of these buildings was seriously injured except for broken 
chimneys. A 'modern' house constructed of hollow cement blocks 
had its walls shaken out. Brick chimneys were snapped off at the 
roof lines of all houses located a distance of about 5 miles northwest 
and southeast of Parkfield. The only building situated more than 
5 miles from Parkfield to suffer damage was the fire-observation 
cottage on Smith Mountain, 16 miles northwesterly from Parkfield. 
This house was moved slightly on its foundation and its door and 
window openings were twisted out of square. Highway bridges as 
far as 2 miles northwest and southeast of Parkfield were moved 
slightly on their footings. The approach to the bridge on the Coa- 
linga road, about 2.8 miles northwest of Parkfield, caved in about 
a foot due to settling of the filled ground.

"The most interesting results of the earthquake were observed on 
Middle Mountain, northwest of Parkfield. Two zones of cracks 
were developed in the soil on the northeast and southwest edges of the 
crest of Middle Mountain for a distance of about 2 miles northwest 
of Parkfield. These zones paralleled and were close to the surface 
traces of two faults in the San Andreas zone. The zones of cracks 
were about 25 feet wide. The individual cracks were arranged en
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echelon. The largest single crack was about 55 feet long, 9 inches 
wide, and 18 inches deep. There was no evidence that the cracks 
penetrated into the underlying sandstones and shales, nor of vertical 
or horizontal displacement along the cracks. Heavier shaking would 
have started extensive landslides along the northeast and southwest 
sides of the mountain.

"The soil on top of Middle Mountain is residual. The cracks can 
not be attributed to settling but should be considered as incipient 
fault trace phenomena. It is probable that they indicate a condition 
closely approaching actual, surficial displacement on June 7 along 
the San Andreas zone.

"Several dead pine trees about 13 inches in diameter were snapped 
off on Middle Mountain, about 1 to iy2 miles northwest of Parkfield. 
These trees had not rotted through but had hard centers. The breaks 
occurred about 2 feet above the ground. They were fresh breaks and 
were caused almost certainly by the severe shaking at the time of the 
earthquake.

"There were no casualties resulting from the earthquake. The 
people in Parkfield, nearest the epicenter, were gathered in an old 
wood frame building, celebrating the closing of school for the year. 
The major shock was over before they could get out of the building 
to be hit by bricks from the falling chimney. It was fortunate that 
an earthquake of this magnitude centered in a thinly populated 
region where the houses were built of wood instead of unit masonry. 
The small property damage and lack of injury to persons in compari 
son to the damage and deaths during the Long Beach earthquake 
suggest that the latter shock was much stronger than the Parkfield 
earthquake. The two earthquakes were, however, of about the same 
magnitude."

Epicenter. "The distribution of damage as outlined in the pre 
ceding paragraphs and the occurrence of incipient fault trace phe 
nomena and broken trees on Middle Mountain northwest of Park 
field, fix the epicenter quite definitely on the San Andreas fault 
about l!/2 miles northwest of Parkfield. The epicentral area may be 
considered to extend about 7 miles northwest and about 5 miles south 
east of Parkfield. The northeast and southwest extension of the 
epicentral area cannot be determined as satisfactorily due to lack of 
dwellings in those directions. It seems probable that the epicentral 
area was elongated parallel to the San Androas fault. Movement at 
depth may have occurred for a considerable distance along the fault."

Aftershocks. "The major shock was followed by a large number 
of aftershocks. None of these was strong enough to cause damage. 
A list of the aftershocks of magnitude 4 or greater follows:

Date Time

9:43 p. m _ _______
1:30 a. m
3:23 p. m_ ________
0:03 a. m _ ___.___.

7:45 a. m ____ _ .
11:26 a. m.________.

Magnitude

4.5
4
4
4.5
4
4
4.5
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THE PANAMA EARTHQUAKES OF JULY AND AUGUST, 1934

In addition to the usual information given on page 41, a large 
quantity of interesting material has been made available in a special 
unpublished report prepared by R. Z. Kirkpatrick, chief of surveys, 
The Panama Canal. The Bureau is enabled to quote here some of 
the more important parts of that report through the courtesy of The 
Panama Canal authorities. An unusually valuable account of the 
shocks and their effects on structures in the epicentral area was pre 
pared by Henry W. Bigelow, Jr., a junior cartographic engineer of 
the United States Naval Hydrographic Survey, who was on duty in 
the area at the time of the heaviest shocks. Mr. Bigelow's account 
appears as a part of Mr. Kirkpatrick's report.

The report begins as follows, with emphasis on observations in the 
Canal Zone rather than in the epicentral region, some 200 miles away, 
where most of the damage was done.

"In the month between July 17 and August 17, 1934, the Republic 
of Panama and the Canal Zone had an unusual series of earthquakes, 
114 shocks being instrumentally recorded at Balboa Heights, Canal 
Zone. There were but 78 in the calendar year of 1933; 5 of these 
were generally felt by Canal Zone populace, and are rated as in 
tensity IV to V, modified Mercalli scale as follows:

I. On July 18 at Ih 36m 16s (Greenwich time), intensity V 
or July 17 at 8h 36m 16s pm (local time).

II. On July 18 at 4h Olm 32s (Greenwich time), intensity IV
or July 17 at llh Olm 32s pm (local time).

II. (a) On July 18 at 17h 00m 29s (Greenwich time), intensity IV to V 
or 12h 00m 29s pm (local time).

III. On July 21 at lOh 40m 06s (Greenwich time), intensity IV 
or 5h 40m 06s am (local time).

IV. On August 10 at 14h 27m 08s (Greenwich time), intensity IV 
or 9h 27m 08s am (local time).

Shock effects as reported ~by observers. "During July 17, 1934, 
the United States naval houseboat No. 1, attached to the U. S. S. 
Nokomis, was anchored near the northeast end of Parida Island 
(about 20 miles from the epicenter). The U. S. S. Hannibal, the 
other Naval Hydrographic Survey ship, was farther easterly from 
the epicenter; also S. S. Point Sur and S. S. Tuscaloosa City, off 
Burica Point and Montuoso Islands, respectively, reported to this 
office by radio having felt heavy shocks at sea."

"The 1,000-foot movement of the buoys in the harbor seems to indi 
cate a tidal wave of the translatory type though he (Cartographer 
Bigelow) says 'at no time was there the slightest indication of a 
tidal wave'; his idea of a mud slide about the anchors is likely 
correct."

"Mr. Devine, engineer in charge of the survey work on the U. S. S. 
Hannibal, reports a crack formed through the long axis of the island 
of Montuosa about 2 feet to 3 feet wide and 20 feet deep; it is adja 
cent to one of their triangulation towers. Mr. Devine furnished 
drawings of tide curves for Bahia Honda for July 17 and 18, 1934, 
showing definite seiches there during the earthquake. Montuosa and 
the Ladrones Islands are close to and easterly of the lanes of ship 
ping between Balboa and points on the Pacific coast."
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Under the caption, Lessons to the Canal Zone, Mr. Kirkpatrick 
concludes his part of the report with some of the following pertinent 
statements:

"(a) Virtually no Canal Zone major structure would have seri 
ously suffered from shocks like those at Puerto Armuelles and David, 
i. e., intensity VII to VIII. However, there would have been some 
broken plaster, mirrors and dishes, stopping of clocks, cracked and 
broken curtain walls and maladjustments in machinery and equip 
ment; some cables, sewers and water lines would be broken; in 
Panama and Colon, probably considerable structural damage would 
occur.

"(&) Buildings, particularly if tall, should not be close to escarp 
ments or over water fronts, especially with relatively fragile and high 
supports.

"(<?) Attention is here directed to the need for cross bracing the 
long underpinnings which are always necessary in houses built on 
hillsides, and in designing the concrete bases to prevent slipping off 
of the underpinnings."

In a final statement caution is urged in the practice of removing 
bracing beneath residences to make way for garages. Substitutes 
should be found other than that of cross bracing the outside lines of 
support posts which alone is not sufficient.

The following quotations are from Mr. Bigelow's report which 
appears as an appendix to Mr. Kirkpatrick's report:

"At the time of the first quake, 20:38, July 17, 1934, I was on 
board the U. S. Navy Houseboat No. 1, attached to the U. S. S. 
NokomAs, and anchored near the northeast end of Parida Island, 
Republic de Panama.

"The sensation was of a series of pounding shocks on the bot 
tom of the vessel, such as would be made if the vessel were pounding 
on the rocks. We felt another quake at 23:00, and a third at 
23:30, but these were not as severe. Several days later, two or 
three landslides were observed on Parida Island which must have 
occurred at this time. The natives were much frightened, and left 
the island. The next day I joined the ship (U. S. S. Nokomis) 
off Armuelles. The ship had been anchored off Balsa Point, about 
10 miles south of Armuelles the night before, and had had much the 
same experience that we had had.

"My knowledge of what happened at Armuelles is largely second 
hand, but I talked with many people who were on the beach at the 
time and all accounts seem to indicate a shock of an intensity between 
six and seven. It was specifically mentioned by many people that 
the light fixtures, suspended on long cords, about 3 feet long, swung 
wildly, in some cases striking the overhead with sufficient force to 
cause them to ring. It was also reported that the big electric fans 
in the clubhouse, suspended on piping from the overhead, were 
swinging wildly. At the end of the dock there was a piece of rail 
road iron, about an 80-pound rail, I should judge, which supported 
a locomotive headlight to serve as the dock beacon. After the 
quake, this rail was bent in a curve, to approximately an angle of 
about 45° from the vertical. The four heavy banana conveyors on 
the dock had all jumped from their rails, and were rather badly bent, 
and twisted. None of the well built structures in the town was
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badly damaged, but the people were badly frightened, and many 
of them spent the night outside.

"Mr. Ulloin, one of the engineers on the Nokomis, occupied one 
of our triangnlation towers near Balsa Point the next day, and 
reported almost continual tremors. He also reported that the tower 
foundations had shifted about half an inch down hill (eastward) 
away from the earth. Nothing of any moment was reported for the 
next couple of days, though many minor tremors kept everybody 
stirred up. I had a tide gage in operation on the dock at Armuelles, 
and carried records up to about 20:40 on the 17th. The quake car 
ried away the well pipe of the gage, and, while observations were 
made until the morning of the 21st, the float was in the open sea, 
and no definite record of the quakes could be obtained from it.

"On the morning of the 21st I wras asleep in my room on the 
Nokomis, when I was awakened by a heavy pounding. I realized 
at once that it was another quake looked at my watch, which 
showed 05:40, and ran to the port. I was just in time to see the 
lights on the dock go out, and to hear a low groaning and rumbling. 
This must have been when the dock collapsed. I went ashore at 
about 07: 40. The outer three-eighths of the dock was entirely miss 
ing, except for the buffer piles, which were not attached to the dock 
proper, and which were still standing. Three of the banana con 
veyors were gone. As we came up to the dock, another quake oc 
curred, though we could not feel it in the launch. The remaining 
conveyor swayed wildly, and seemed about to topple over, and the 
people on the dock ran wildly for the shore, some of them scream 
ing though I am not sure of this.

"We landed and looked around the town. There seemed to be 
very little damage in the native village, but in the company town 
quite a few of the quarters were down. One house, that of the 
manager, Mr. Blair, wras a total wreck. The construction of these 
houses is much like that in the Canal Zone, frame houses on wrooden 
pilings, the piles standing on concrete blocks. Quite a few of the 
nouses had slid off the piles, and were resting on the ground, and 
in some cases they were rather badly damaged in the process though 
several were still quite habitable. The clubhouse was in a peculiar 
position, one end being on the ground and the other still on the 
piles, and although the building was badly racked, it remained 
intact. The water tank some hundred yards up the railroad from 
the dock had collapsed almost exactly in place, and blocked the 
main line, and had carried away the telephone and telegraph lines. 
The water and sewerage mains were broken, as was the oil line in 
the dock. These had been broken in the first quake and repaired 
in the interval. I could not undertake to say how many houses 
had been damaged, but most of them had been pretty well racked, 
and at least a dozen were on the ground. The administration build 
ing, also a frame building on piling, but which had a concrete vault 
in the rear, seemed to be entirely untouched. The hospital, which 
was built down to the ground, seemed to be in excellent shape, 
although I understand that it had been rather badly racked. I 
would say that those houses which were well built had stood, and 
that the others, which had fallen, were of poorer construction. That, 
however, is merely an opinion. A number of the houses rested at
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an alarming angle, and seemed ready to topple over at any moment, 
though the last that I heard, August 4, they were still standing.

"In the native village there were several cracks in the ground, 
about an inch wide and a foot or two deep, and there were several 
places that Looked like geysers that is where underground water 
had spouted up out of the ground. It would appear that the dock 
collapsed more or less in place, and by sections, the outboard section 
first, and so on, to the section just before the middle of the dock 

FIGURE 12. Wrecked water tank. Puerro Armuellcs yard. Panama earthquake.

FIGURE 13. Railroad track shifted out of alineinent at Puerto Armuellos.
earthquake.

Pannma

where the dock bends. From later inspection, it was seen that the 
outboard section of the remaining dock had slid about 5 feet to the 
southward the dock floor remaining more or less level, but the piers 
being canted about 5 feet out of plumb. The inshore section was 
canted about the same amount to the northward, while the center 
of the remaining portion remained about in place.

"There were two big mooring buoys just off the northern side 
of the dock and these were found to have shifted about 1,000 feet 
seaward that is. a. little south of east maintaining their relative 
positions as to distance and alignment. One of our launches had 
been moored to one of these buoys and at the time of the quake
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they reported that the buoy had spun around violently and that 
something below the water seemed to be dragging it seaward. There 
was at no time the slightest indication of a tidal wave. However, 
the tides were the highest that I have ever seen them, during a period 
when they should have been rather lower than usual. The seaward 
row of houses in the native village was washed out completely, and 
the main street of the village was under water several times. This 
was after the main quake was over.

"Two parties from the Nokomis made check surveys of the vicin 
ity of the dock, but were unable to discover any indication of a 
change in depth. The buoys were located in water varying from 20 
fathoms at the inshore buoy to 45 at the outboard buoy and it is 
possible that the layer of soft mud, about 6 to Y feet in depth, which 
overlies the stiff blue clay of the vicinity, might have slid bodily 
seaward, carrying the anchors of the buoys with it. It is doubtful 
if we would have been able to discover this fact in our check sound 
ings, as this area is really beyond the range of our hand leadlines.

"Some days after the last serious quake I occupied our triangula- 
tion station at Limones, near Balsa Point, and found that the foun 
dations appeared to have slid about 3 inches downhill away from 
the ground around them. There were several considerable cracks in 
the ground, all of them about an inch and a half to two inches wide, 
and a foot or more deep; they seemed to extend in a general SW.-NE. 
direction. The cracks noticed in the native village at Puerto 
Armuelles extended in a generally east and west direction. I would 
estimate that the quake on the morning of the 21st was of an inten 
sity of from seven to eight. It was by far the most serious of the lot. 
Not alone from the damage done, which was considerable, but from 
the general effect brought about. The inhabitants of the town were 
all pretty well frightened, and several pretty well unnerved. The 
native population was badly frightened, but remained quiet, and 
lived out of doors for the next week. Nearly all the people in the 
town spent Saturday night out of doors, most of them in tents sup 
plied by the Army, and by the Nokomis. Most of the people whose 
houses were not badly damaged were back in them by the 26th, 
but there were quite a few people still living in tents on the 4th of 
August. There were minor tremors off and on nearly every day and 
seemed to be gradually dying out the last that I heard, the 4th of 
August.

"There are one or two points remaining the track at the end of 
the dock was bent in the shape of a broken down Z; it looked as 
though the track had been snapped. Further, I am told that the 
sensation on the beach was of a sharp, lateral motion, not at all the 
pounding sensation experienced on the ship. I also heard several 
statements expressing astonishment at the small amount of breakage 
to china and glassware in the several houses."

Additional information in Mr. Kirkpatrick's report indicates that 
there is good evidence that cracks appeared in the mountains near a 
place called Bongo, a farm of the Chiriqui Land Co. The 
crack was about 6 inches wide and quite long, evidently extending 
across the border into Nicaragua. Rains were quickly obliterating it.

An interesting sidelight on the 8:30 a. m. shock of July 21 con 
cerning the visibility of ground waves at Puerto Armuelles is sub-
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stantiated by two persons. L. Moreno A. states, "It shook so strongly 
as to cause the ground to roll in swells, making it difficult to keep 
one's balance; it impressed me that the direction of the ground swells 
was from the open sea toward the land; it shook the telegraph 
poles violently, and visibly." H. Peterson states: "While stand 
ing out on the lawn in front of the house another good shake was 
felt. The land rolled before me like so many ocean waves. Tele 
phone poles shook like so many trees in a stiff wind. This was suffi 
ciently strong to wobble all of us who were on the lawn."



SEISMOLOGICAL OBSERVATORY RESULTS

The Coast and Geodetic Survey publishes the results of its tele- 
seismic stations and cooperating stations monthly in mimeographed 
form. In these reports all seismogram interpretations are tabulated, 
together with epicenters based on the published data and instru 
mental results received from seismological stations in all parts of 
the world. These reports will be furnished upon request to the 
Director of the Bureau. In the summary of epicenters in this report 
attempts are sometimes made to improve epicenters already pub 
lished, especially in the case of those in North America.

Instrumental results are published for the following observatories:
Monte/unia, Chile (Smithsonian Insti 

tution).
Philadelphia, Fa. (Franklin Insti 

tute).
Pittsburgh, Pa. (University of Pitts 

burgh).
San Juan, P. R.
Seattle. Wash. (University of Wash 

ington).
Sitka, Alaska.
Technology, Maine (Massachusetts 

Institute of Technology).
Tucson, Ariz.
Ukiiih, Calif. (International Latitude 

Observatory).

Balboa, Canal Zone (The Panama
Canal).

Bozeman, Mont. (Montana State Col 
lege). 

Charlottesville, Va. (University of
Virginia). 

Chicago, 111. (University of Chicago
and U. S. Weather Bureau). 

Columbia, S. C. (University of South
Carolina). 

Des Moines, Iowa. (Private station,
M. M. Seeburger, Director). 

Honolulu, T. H. (University of
Hawaii). 

Huancayo, Peru (Carnegie Institution
of Washington).

Honolulu, San Juan, Sitka, Tucson, and Ukiah are Coast and 
Geodetic Survey stations. Bozeman, Chicago, and Columbia are co 
operative stations; Balboa, Charlottesville, Des Moines, Huancayo, 
Montezuma, Philadelphia, Pittsburgh, Seattle, and Technology are 
independent stations. All readings are made or revised at the Wash 
ington office of the Coast and Geodetic Survey except those for 
Balboa.

In future issues of this serial the station at Technology will be 
known as East Machias.

TABLE 1. Summary of instrumental epicenters

1934

Jan. 11. ......

Jan. 14.......

Jan. 28--... 

Greenwich 
civil time 
at origin1

ft. TO.
H- 9 45. 5 

O-10 21.8

O-12 00.4 
O- 8 43. 5 
O- 9 55. 7 
H-19 10. 1

Region and focal depth

West Kamchatka Peninsula, 
eters. 

South of Aleutian Islands, 
depth.

Depth 250 kilom- 

Probably normal

Felt in state of Guerrero, Mexico. DeDth normal-

Coordinates of provi 
sional epicenter

Lat.

53. 0 N.

48± N.

21± N. 
26. 0 N. 
22± N. 
17 N.

Long.

0

156.0 E. 

117± W.

110-t W. 
85.5 E. 

109± W. 
108 W.

O Indicates time at epicenter: H time at focus.

57



58 COAST AND GEODETIC SURVEY 1934 

TABLE 1. Summary of instrumental epicenters Continued

1934

Jan. 31..-   
Feb. 3-_    
Feb. 12-...--.
Feb 14

Do.    

Feb. 24.-   ..
A/Tar 1

Mar. 7-.--  

Mar. 12-   .-
Do_   

Mar. 13-   --
Mar. 15----.-

Mar. 18--   . 
Mar. 20.--  
Mar. 22-.-...
Mar. 24---  
Apr. 6. ____

Apr. 10.  
Apr. 11.... 
Apr. 14    .
Apr. 15 . 
Apr. 26.   

Do_.   ..
Do..    .

Apr. 27...   -

May 13  . 

Do.   
May 19.   
May 21 _  
May 22   -_.
May 24.......

Do. ......
June S  .    

Junel2._...._

Do. ......
June 18 __ .__
June 22 _ _

Do_--_ 
June 28.    

July 4..    

July 6_     
July 10-....-.
July 16    
July 18..   -.

Do._-   .
Do    .
Do.   -
Do..   ..
Do...  

Greenwich 
civil time 
at origin

h. m. 
O-20 16. 5

O-10 06.6 
O-14 33. 4 
O- 6 43. 0 
O- 3 59. 6

O-22 18.2 
O- 3 18. 8 
H- 6 23. 9 
H-21 45. 5 
O- 5 55. 2 
O-ll 46.0

H-22 41.8

O-15 05. 8 
H-18 20.2 
O-13 12. 9 
O-10 46.7

H- 4 33. 3 
O-.2 38.7

H-12 04.5 
H-19 09.6

H-10 22.9 
H-21 11. 9 
O-21 26. 8 
H-22 15. 1 
H- 5 31. 7

O- 7 56. 6 
O-21 00. 3 
H-20 46.9 
H- 7 05. 1 
O- 1 30.4

H- 4 36. 1 
O-14 32.5 
O- 8 09. 7 
H- 9 02. 5
O-13 14. 5 
H-22 12. 9 
H-10 47.7 
H-10 07.2 
H-ll 01.6

H-13 42.6 
H-16 45. 1 
O- 4 47. 8

H-12 59'. 0
H- 9 32. 3 
H- 1 50.8 
H-22 10.4 
H- 9 13.8
H-18 33. 5 
H- 1 40. 0 
H- 5 59.6 
H- 0 56. 1 
H- 8 25. 3

O- 1 42. 8

O-22 49. 1 
O- 1 02. 1 
H- 8 18. 9 
H- 1 36. 3

H- 4 00. 6 
H- 6 35.3 
H-16 09. 8 
H-16 59.6 
O-19 40.3

Region and focal depth

Western Nevada. Epicenter from field study by 
the U. S. Geological survey.

Probable epicenter. Felt at Balboa, Panama  .. 
Coordinates and time at focus given in special 

report from Manila. 
Off Colima, Mexico. Depth probably normal.-. . 
Pacific Ocean, Southwest of Galapagos Islands _ .

Felt in New Zealand. Coordinates reported by 
Wellington. 

Near Honduras-Nicaragua boundary. Depth 
normal. 

Utah. Depth probably less than 80 kilometers. . ...

East of New Guinea, according to Wellington.-   
Felt in New Zealand. Coordinates according to 

Wellington.

Pacific east of Japan. Epicenter according to 
Tyosen.

Utah. Felt    .   ..------.--..---....-....-..

North of New Zealand. Epicenter according to 
Manila.

West of Fiji Islands. __.- -.-..--.-.--_.---. _ .

Bonin Island in western Pacific, according to 
Manila.

New Zealand. Epicenter according to Wellington- 
Utah. Felt.    __.-              __   ......

Near Parkfield, Calif. Felt. Coordinates accord 
ing to Berkeley.

Queen Chc>rlotte Islands! n South Pacific Ocean... 
East of Borneo. Depth, 700 kilometers, according 

to St. Louis. 
South Atlantic. Approximate epicenter Sandurdi 

Island.

Panama. Destructive at David and Puerto 
Armuelles.

._. _do.. -_                     _   .......

.... do..-.-    --    -       -.... ....... ..
Solomon Islands. South Pacific Ocean __ ........

Coordinates of provi 
sional epicenter

Lat.

38 19' N.

16± S. 
5± S. 
9± N. 

17 30' N.

17± N. 
5± S. 

23 N. 
40 S. 
16± S. 
41.0 S.

13.5 N.

41. 7 N. 
41.7 N. 
12 S. 
39.6 S.

49. 5 N. 
4± S. 

14± N. 
10. 3 S. 
37.3 N.

6 S. 
19 S.

7.5 N. 
23 S.

23 S. 
15 S. 
23 S.
4 N. 

27.7 N.

61 N. 
37 S. 
41.7 N. 

4 S. 
29 N. 
58 N. 
14.9 N. 
71.2 N. 

1 N. 
4 S. 

65.8 N. 
60 N. 
35 56' N.

6 S. 
14.5 N. 
44 N. 
28.5 N. 
60.5 N. 
17 N. 
1.5 S. 

21.8 S. 
11 S. 
6.2 S.

54 S.

41. 7 N.
19 N. 
17 N. 
8.0 N.

8.0 N. 
8.0 N. 
8.0 N. 
8.0 N. 

13 S.

Long.

118 22' W.

174± W. 
151± E. 
84± W. 

119 25' E.

106+ W. 
103.5 W. 
144 E. 
73.5 W. 

167± E. 
176.5 E.

87. 5 W.

112.8 W. 
11?. 8 W. 
163 E. 
177.4 E.

156.0 E. 
149± E. 
95± W. 

161 E. 
141.7 E.

116 E. 
170 E.

128. 6 E. 
173 E.

173 E. 
167 E. 
173 E. 
98 L. 

145 E.

148 W. 
175 W. 
112.8 W. 
154 E.. 
115 W 
153 W 
91.2 W 

5.1 W 
30 W 
73 W 
18 W 

If 2 W- 
120 29' W.

148 E. 
95.5 W. 

147 E. 
63 E. 

150 W. 
106 W. 
106 W. 
69.2 W. 

165 E. 
123.3 E.

38 W.

124.6 W. 
80 W. 

100 W. 
82. 5 W.

82. 5 W. 
82.5 W. 
82.5 W. 
82. 5 W. 

167 E.

1 O indicates time at epicenter: H time at focus.
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TABLE 1. Summary of instrumental epicenters Continued

1934

July 19..  ..
Do-
Do   
Do    
Do    

July 20.-   .
July 21.  ...

Do.   
Do    

July 22. ......
July 23    
July 24   
July 27-.  
Julv28    
Aug. 2-  ...
Aug. 3    

Aug. 7  -
A iirr Q

Aug. 11   
Do    

Aug. 12. ...
AIICT 14.

Aug. 15   
Aug. 26   
Aug. 28   

Aug. 31  .
Do    

Sept. 4..   ..

Sept. 23_.  
Sept. 25   

Oct. 10   

Oct. 18     

Oct. 21    .
Oct. 26     

Do   

Nov. 2    

Do-   

Do.  ...

Do   
Nov. 12 .......

Nov. 16.   

DO      -
Do     
Do   

Nov. 25  -

Nov. 26   

Nov. 27 . 
Nov. 30   

Dec. 3   
Do   

Dec. 4 ...   
Dec. 8   -
Dec. 15   -
Dec. 17   

Greenwich 
civil time 
at origin

ft. m. 
H- 0 06. 7 
H- 1 27. 5 
H- 2 21. 0 
H- 5 45. 4 
H- 7 36. 9 
H- 2 10. 7 
H- 6 18. 3 
H-10 39. 0 
H-13 19. 3 
0- 2 57. 7 
H-18 21.5 
0- 2 47. 3 
H- 2 25. 7 
H-21 37. 0 
H- 7 13. 2 
0-19 29.6 
0-12 07.3 
H- 3 40.2 
0-19 34.0 
H- 8 18. 3 
H-11 57. 7 
H-23 49.2 
H- 8 49. 2 
H-11 04.1 
H- 1 31. 3 
H-11 23. 0

H- 5 02.8 
H-14 57.7 
H-16 34.5 
H- 6 56. 8 
H- 7 58. 6 
H-19 14.5 
H- 7 27. 5 
H-15 42.2

H- 7 48. 3

H-17 53.4 
H-17 11.2 
H- 2 34.4 
H-23 25. 4

0-18 49.8 

H- 1 53.7

H- 3 14. 4 
H-23 02. 4 
H- 9 32. 9

H-15 30.3 
0- 3 59. 0 
H-16 11. 7 
O- 7 19. 2

0-13 43. 5 
H- 3 21. 4 
H- 9 18. 6 
0-15 03.4 
H-22 40.4 
H-12 34.1 
0- 8 18

H-12 09.4

H- 6 14. 1 
H- 2 05. 4 
0-14 55.7 
H- 1 35. 6 
H- 2 38. 6 
H-17 246 
H- 9 35. 0 
H- 1 57.6 
H-15 53.2

Region and focal depth

   do-..    -      .   .    

Solomon Islands, South Pacific Ocean _ ..........

  --do.-.-                      
Probably New Hebrides Islands ........ .. __ ..

Off west coast of Guatemala.-.. _     __ ...
Southwest of Kodiak Island. __ . ................

Formosa. Destructive. Epicenter by Manila .... 
Solomon Islands, South Pacific - _________
East of Philippine Islands.  ......  .............

Near west coast of Mexico. Approximate epi 
center. 

Baffin Bay ... __ ... __ .......... _ .... _ ..

North of New Zealand. __ __ ___ . . ...

Northeast of New Zealand.. ___ . _______  

North Atlantic, southwest of Cape Verde Islands - 
South Pacific, Tonga Islands region. Depth 700 

kilometers. 
New Hebrides Islands. Depth normal. Epi 

center according to Manila.

Near Peru-Ecuador border. Depth uncertain, 
probably normal. 

Near head of Gulf of California. Epicenter ac 
cording to Pasadena. 

South Pacific. Near Fiji Islands. Depth prob 
ably near normal. 

   do  .... ....    .... .... .... ... ... ... ... ... ...

Mexico. Depth probably about 60 kms. Approx 
imate epicenter. 

Gulf of California. _ ........ __ . __ ............
South Pacific. Samoa Islands ... . ...

Eastern Turkey. Epicenter according to Stras 
bourg.

Kamchatka. Depth uncertain, probably normal.

Solomon Islands. South Pacific. Depth normal .

Lower California. Felt. Epicenter according to 
Pasadena. 

Philippine Islands. Felt. Epicenter according 
to Manila. 

North Celebes Islands. Felt- __ ..... .........
West coast of Mexico. Depth probably normal 

Region of Colima, Mexico ______ . ___  .. 

New Guinea. Depth probably normal.. __ .. ...

Coordinates of provi 
sional epicenter

Lat.

13 S. 
1 S. 
8 N. 

13 P. 
12.5 S. 
51 N. 
10 S. 
8.0 N. 
8.0 N.

7 N.

15 N. 
55.6 N. 
62 N. 

7.5 N. 
3 N. 

12.5 S. 
4 S. 

24.7 N. 
5.5 S. 
8 N. 

19 S. 
12 N. 
22 N. 
17 N.

73 N. 
35 N. 
23 S. 
20 N. 
32 S. 

2 S. 
5 N. 

24.5 S.

11 S.

16 N. 
29 N. 
23.8 N. 

5 S.

32 N. 

22 S.

22 S. 
51.5 N. 
17. 5±N.

26. 5±N. 
14. 5±S.

7 N. 
37 N.

3 ±S. 
41 N. 
55 N.

4.5 S. 
57 ±S. 
32.1 N.

14.2 N.

1.5 N. 
18.8 N.

15 N. 
15 N. 
18.9 N.

32 N. 
2 S.

Long.

167 E. 
133 E. 
83 W. 

166 E. 
167.5 E. 
174 W. 
165.5 E. 
82.5 W. 
82.5 W.

25 W.

92 W. 
156.8 W. 
148 W. 
83 W. 
77.5 W. 

167.5 E. 
152 E. 
121.7 E. 
151.5 E. 
127 E. 
175.5 E. 
89 W. 

108 W. 
106 W.

71 W. 
71.0 E. 

172.5 E. 
105 W. 
175 W. 
154 E. 
32.5 W. 

180 W.

167 E.

147 E. 
132 E. 
112 W. 
79.5 W.

114 W. 

176 E.

174 E. 
175.5 W. 
95 ±W.

112. 5±W. 
175 ±W. 
89 W. 
40 E.

146 ±E. 
71 E. 

160 E.

153 E. 
146 ±E. 
116.7 W.

120.2 E.

128.5 E. 
105.5 W.

89 W. 
89 W.
68. 5 W.

90 E. 
145 E.

O indicates time at epicenter: H time at focus.



60 COAST AND GEODETIC SURVEY

TABLE 1. Summary of instrumental epicenters Continued

1934

1934

Dec. 22.......
Dec. 23... .-..

Dec. 31-..  .

Greenwich 
civil time 
at origin

ft. TO.
H-H 29.6 
H- 9 52. 5

H-14 35.8 
O- 4+38. 2 
H-13 52.3

H-18 45.8

Region and focal depth

Bolivia-Chile border. Depth probably less than 
80 kilometers.

Near head of Gulf of California. Depth near 
normal. 

 ..do  - .. -   _-   -_.- . .. ._  

Coordinates of provi 
sional epicenter

Lat.

11 N. 
21 ±S.

15 NT.

32.2 N. 

31.8 N.

Long.

87 W.
68 ±W.

91 W.

115.5 W. 

115.5 W.

O indicates time at epicenter : H time at focus.



STRONG-MOTION SEISMOGRAPH RESULTS

INTRODUCTION

During the latter part of 1932 the Coast and Geodetic Survey in 
augurated a program of recording strong ground movements in the 
seismically active regions of the country to furnish engineers and 
architects requisite data for designing structures to resist earthquake 
forces. This required the development of special instruments de 
signed to operate automatically whenever a strong earthquake 
occurred. In the fall of 1934 about 35 assemblies were in operation, 
most of them in California. They have been distributed mostly in 
the Los Angeles and San Francisco Bay regions in structures selected 
for special study by local engineers.

The instruments used are described in Serial. No. 579, "United 
States Earthquakes, 1933" and in Special Publication No. 201, 
"Earthquake Investigations in California, 1934-1935", the latter con 
taining quite a number of illustrations which are entirely missing in 
the first-named publication.

Interpretations. The following analyses are based mostly on the 
assumption of simple harmonic motion and are practically repro 
ductions of preliminary statements published in the monthly progress 
reports of the Bureau. They are not discussed in greater detail 
because in many cases the severity of the recorded movements does 
not seem to justify it, and because reproductions of the records them 
selves give a better picture of the types of activity recorded than any 
word picture could possibly do. Some of the records indicate 
destructive intensities and these deserve more consideration than 
given in these brief analyses but only a limited amount of such work 
has been accomplished in time to be included in this report. In 
view of the newness of the work and its research aspects it is more 
than likely that some of the earlier records will be further discussed 
in forthcoming issues of this series or in special reports.

The analysis of the Bishop record of the earthquake of January 
30, page 64, represents a departure from the usual assumption of 
simple harmonic motion. The original acceleration record was 
integrated once to produce a velocity curve, and the velocity curve 
integrated to produce a displacement curve. It is evident from the 
computed curves that practically the entire spectrum of earthwave 
periods is clearly shown. In the case of ultra-long-period waves, 
however, a certain amount of doubt arises as to their validity because 
of the extreme precision required in reading the original acceleration 
curves. The results obtained by double-integrating the Bishop 
record and later records indicate that the long-period waves which 
are so prominent on teleseismic records have their origin in the im 
mediate vicinity of the epicenter. The large displacements indicated 
on all computed displacement curves naturally arouse concern in the 
eyes of those who desire precise data. The present status of the 
problem is that while such displacements are questioned there has 
been no positive evidence to disprove their existence.

61
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In order to improve the quality of acceleration records with a view 
of obtaining more reliable results in the work of double-integrating, 
baseline mirrors were placed in all accelerographs so that a fixed line 
of reference appears within a centimeter of each acceleration curve. 
Subsequent results obtained from such records continue to yield 
long-period waves of large amplitude. The results are discussed to 
some extent in Special Publication No. 201. A detailed description 
of the process of double-integrating accelerograph records used in 
the Bureau is described in the mimeographed report mentioned in the 
discussion of the Bishop analysis on page 64.

Tabulations of data and instrumental constants. In the preceding 
publication covering the results for 1933 the results of measure 
ments made on the strong-motion records and the corresponding 
instrumental constants were tabulated at the end of the report on 
each earthquake. This practice has been discontinued in favor of 
composite tables which appear in the end portion of the entire 
strong-motion report.

Units used. Quantitative results are expressed in c. g. s. units; 
centimeters or millimeters for displacement; centimeters per second 
for velocity, and centimeters per second per second for acceleration. 
It is sometimes desirable to express acceleration in terms of the 
acceleration of gravity, indicated by "g", which is equal to 980 
cm/sec. 2 For all practical purposes it is only necessary to point 
off three decimal places to convert cm/sec. 2 to g.

Sensitivity of the seismographs is expressed as the deflection of 
the trace, or light spot, in centimeters for a constant acceleration 
of 100 cm/sec. 2 This means that the seismometer pendulum is tilted 
sideways until the effective component of the earth's gravitational 
field is equal to 100 cm/sec. 2 , or practically 0.1 g.

The following are constants which may be used in converting 
c. g. s. units to the customary English units:

lcm=0.3937 in.=0.03281 foot.
1 cm/sec.=0.03281 ft./sec.
1 cm/sec.2 =0.03281 ft./sec.2
1 cm=10 mm.
0.1 g=98 cm/sec.2 =3.215 ft./sec.2

Damping ratio of the pendulum is the ratio between successive 
amplitudes when the pendulum oscillates under the influence of the 
damping forces alone.

Seismogram illustrations. Reproductions of seismograms are 
usually tracings of the original record and must not be accepted as 
genuine copies. The illustrations are intended to show the nature 
of the data rather than furnish a means through which the reader 
may make his own measurements. It is realized that the slightest 
variations in the copy can easily lead to misleading conclusions. 
Those who desire true copies for critical study should address the 
Director of the Bureau for further particulars.

The tabulated instrumental constants refer to the original records. 
The tracings appearing in this publication are reduced so that if 
the constants are applied to them a correction will be necessary 
because of thei reduction. The reductions are approximately in the 
ratio of 1.61 to 1.
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In the illustrations the direction of a recorded element is indicated 
above the trace; thus, in the case of the vertical component accel- 
erograph, upward motion of the trace always indicates downward 
acceleration.

TABLE 2. List of shocks recorded and records obtained on strong-motion 
seismographs in 1934

Date, epicenter, and recording stations

Jan. 30; Western Nevada: 
Bishop.. ___ . ___ ------_-._----._-__-.--._---._.. __ ... _ ...... __ ..

June?; Parkfleld, Calif.:

July 6; At sea, off Eureka:

July 17; ChiriQui Province, Panama:

Oct. 2; San Francisco Bay region:

Oct. 15; Imperial Valley:

Dec. 30 (5:52 a. m.); Lower California: 
El Centre    ... _ ......---.-. _ ......-..--.--..-..-..--...-. _ ........

Dec. 30 (5:52 a. m.); Near Santa Cruz:

Dec. 31; 2 Lower California:

Records '

Accelero- 
graph

1 
2

1 
2 
1

1 
1

1

1 
1

1

1 
1 
2 
3

2

1 
1 
1 
1 
1 
1 
3 
2

33

Displace 
ment meter

1 

1

1

3

1 No records were obtained on Weed strong-motion seismographs.
2 In cases where there is confusion as to whether a record was made on Dec. 30 or Dec. 31, it is assigned 

to the stronger earthquake of Dec. 31.

THE WESTERN NEVADA EARTHQUAKE OF JANUARY 30, 1934

EARTHQUAKE DATA AND RECORDING STATIONS

Epicenter, Excelsior Mountains in western Nevada about 15 miles 
southwest of Mina. 38°17' north, 118°22' west.

Maximum intensity and daanage. VIII or IX. Damage and casu 
alties negligible because the epicentral area is uninhabited. At Mina 
there was considerable damage to plaster and light structural parts..

Area affected. 110,000 square miles on land.
Summary of strong-motion records, 
BISHOP: About 65 miles south 4° east of epicenter. Recorded on 

the accelerograph in the garage of the Los Angeles Department of 
Water and Power.

SAN JOSE : About 190 miles south 70° west of epicenter. Recorded 
on the accelerographs in the basement and on the thirteenth floor of 
the Bank of America building.
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ANALYSIS OF THE BISHOP EECORD OF JANUARY 30

Accelerograph records. Figure 16. The records of the horizontal 
components are relatively weak with generally uniform trace ampli 
tudes throughout the first 30 sec. of operation corresponding to a 
maximum acceleration of about 0.005 g. The values are associated 
mostly with waves of 1.2 sec. period having estimated displacements 
of 1.8 mm, based on the assumption of simple harmonic motion.

There are a few waves of 0.5 and 0.6 sec. period, but they are 
greatly outnumbered by others of 0.3 sec. and 0.15 sec. Following 
the usual experience the amplitudes of the shorter period waves de 
crease with period so that for the 0.15 sec. period waves the esti 
mated displacements are only 0.01 mm.

In the end portion of the acceleration record there are some poorly 
defined waves of about 2.2 sec. period and 0.5 mm trace amplitude 
corresponding to an acceleration of 0.0018 g and an estimated dis 
placement of 2.2 mm.

The vertical record is very irregular, but there is a persistent 
period of 0.65 sec. with amplitude comparable with similar waves 
on the horizontal components. There is a sprinkling of 0.4, 0.2, 
and 0.1 sec. waves with amplitudes roughly only one-half the mag 
nitude of those on the horizontal component.

Integration of accelerograph record. This record was used to in 
vestigate the practicability of integrating accelerograph records with 
a view of obtaining more precise measures of period and displace 
ment than heretofore obtained on the assumption of simple har 
monic motion. A complete description of the method employed is 
given in a mimeographed report of the Bureau entitled "Analysis of 
Strong Motion Seismograph Records of the Western Nevada Earth 
quake of January 30, 1934, with Description of a Method of Analyz 
ing Seismograms by Precise Integration."

The most obvious conclusion, upon first inspection of the computed 
curves, is that the original accelerograph record is best for the study 
of the very short period waves, say up to 0.2 or 0.3 sec. As a matter 
of fact, the increment of time in the work of integration was not 
made small enough to properly outline these waves. As the time 
increment was only 0.06 sec., there are only three points to outline 
a 0.2 sec. wave, and this is obviously too few. On the other hand, 
their displacements are so small compared with the longer period 
"waves that the two groups could be properly represented on a single 
curve only if it were drawn to unusually large scale; so it must be 
concluded that they are more conveniently studied on the original 
accelerogram. If the time increment were made small enough to 
define the ultra-short-period waves it would increase the work of 
integration five times. For short-period waves, then, the periods 
and estimated amplitudes already given must be accepted as better 
than anything which can be obtained from the computed displace 
ment curves.

The intermediate velocity curve, figure 14, gives an excellent pic 
ture of the intermediate and longer period ground waves. The 
 outstanding period on this set of curves is close to 1.3 sec. A repre 
sentative value of the maximum velocity is 3.5 cm/sec., which 
corresponds to a computed displacement of 1.1 mm. These are
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probably the best data on waves of this period range obtainable 
from any source. In figure 14 the vertical scale is 1.90 cm = l cm/sec. 

Next in order of prominence are waves of 0.5 sec. period with a 
representative maximum velocity of 1 cm/sec, corresponding to 
a computed maximum displacement of 0.07 mm. These are better

0 Seconds 5 ____ __ _ 10 _ _______ l!L _______ _1° 25

FIGURE 14. Velocity curves computed from Bishop accelerograph record of January 30.

defined on the accelerometer record, from which a displacement 
of 0.07 mm is estimated on the basis of 0.003 g for maximum accelera 
tion. The only other period on the set of velocity curves is a very 
long period which is better defined on the computed displacement
curve.

Displacement up 

Displacement west

0 ^ef°nds__ ___5 ________ _10 _ _15 20 _ __ _ _25

FIGURE 15. Displacement curves computed from Bishop accelerograph record of January 30.

On the computed displacement curves, figure 15, the outstanding 
feature is the presence of a wave of 12 to 16 sec. period which is 
not synchronous on the several components. The maximum resultant 
displacement is about 2.5 cm. (Waves of similar characteristics 
were recorded on the displacement meters at Eureka on July 7.) 
The resultant earth particle path suggests one of the complex screw- 
like motions which characterize certain theoretical waves of Uller. 
While not of special engineering interest the curve seems to afford 
a solution to important seismological problems, especially so as all 
three components, including the vertical, are made available for 
study. In figure 15 the vertical scale is 0.27 cm=l cm.
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Waves of 1.0 and 1.3 see. period are strongly in evidence with trace 
amplitudes of about 1.0 mm corresponding closely to the value of 
1.1 mm, for 1.3 sec. period waves, computed from the velocity curves.

ANALYSIS OF THE SAN JOSE KECORDS OF JANUARY 30

Accelerograph records in basement of Bank of America Build- 
m.g. Figure 16. There are no short period waves but periods of 
about 1.5 and 2.3 sec. are prominent, with maximum resultant 
accelerations of about 0.0015 g. Corresponding estimates of dis 
placement are 0.84 and 2.0 mm, respectively.

Accelerograph records on thirteenth -floor of Bank of America 
Building. Figure 16. The record shows the building swaying in 
its natural period of about 1.6 sec., there being about a dozen or 
more distinct oscillations during the first 25 seconds. The maxi 
mum resultant acceleration is estimated at 0.009 g, which corresponds 
to a computed displacement of 5.7 mm.

The ratio of acceleration between the upper and lower recorders 
is about 7 to 1, practically identical with that obtained at the time 
of the earthquake of June 25, 1933, in western Nevada.

THE PARKFIELD EARTHQUAKE OF JUNE 7, 1934

EARTHQUAKE DATA AND RECORDING STATIONS

Epicenter. Near Parkfield in the Temblor Mountains. 35°58' 
north, 120°29' west.

Maximum intensity and damage. VIII. Damage was confined 
largely to broken-otf chimneys, but in a few instances it was more 
serious. Epicentral area very thinly settled.

Area affected. 34,000 square miles on land.
Summary of strong-motion records. 
SANTA BARBARA: About 115 miles south 23° east of epicenter. 

Recorded on the accelerograph in the basement of the courthouse.
HOLLYWOOD: About 180 miles south 40° east of epicenter. 

Recorded on accelerographs in the basement and penthouse of the 
Hollywood Storage Co. building.

PASADENA : About 180 miles south 46° east of epicenter. Recorded 
on accelerograph and displacement meter at University of California.

ANALYSIS OF THE SANTA BARBARA RECORD OF JUNE 7

Accelerograph record. Figure 17. Most of the motion appears on 
the horizontal components. The maximum acceleration, 4 cm/sec. 2 , 
appears on the north-south component in some very poorly defined 
waves of periods in the neighborhood of 1 second. Waves of 
slightly shorter period and slightly less aceleration are discernible 
in the first few seconds of the record. Most of the motion is over 
after about 10 sees., but weak 1 and 2 sec. waves continue perceptible 
for about 60 sees, or more.

The motion on the east-west component is of the same character 
but with smaller amplitudes, the maximum acceleration being a little 
less than 3 cm/sec.2 The vertical component shows very little mo 
tion, the maximum acceleration being hardly more than 1 cm/sec.2
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ANALYSIS OF THE HOLLYWOOD EECOEDS OF JUNE 7

Accelerograph records in the basement and penthouse of the Holly 
wood Storage Go. building. Figure IT. The motions are very weak 
on the basement records, the highest accelerations being about 1 
cm/sec.2 and the motion too irregular for periods to be discerned.

On the contrary the records obtained at the penthouse on top of 
the building show regular trains of well-marked waves due to reso 
nance of the building. On the east-west component several trains 
of waves of period 0.51 sec. appear, with maximum acceleration of 
2.1 cm/sec.2 This corresponds to a displacement of about 0.014 cm. 
Vibration tests on this building reveal that one of its natural periods 
of vibration is 0.49 sec., which agrees well with the period observed 
on the accelerogram.

On the north-south component of the penthouse record the waves 
are slightly less well marked than on the east-west, and have longer 
periods. The dominant period is 1.29 sec., with acceleration of 
2.5 cm/sec.2 This corresponds to a displacement of about 0.1 cm. 
Vibration measurements of the fundamental period of the building in 
the north-south direction give results ranging from 1.15 sees, to 1.28 
sees. The latter value agrees well with the period obtained from the 
present records.

The vertical record shows very little motion. The most noticeable 
period is about 0.5 sec., with maximum acceleration about 0.7 cm/sec.2 .

Slight motion continues perceptible on the north-south component 
until the end of the record, 82 sees, after the start.

ANALYSIS OF THE PASADENA RECORD OF JUNE 7

Accelerograph and displacement-meter records at the California 
Institute of Technology. Figure 18. The accelerogram shows very 
little motion. The periods seem to be in the neighborhood of 1 sec. 
and the accelerations somewhat less than 1 cm/sec. 2

The displacement meters recorded motion showing rather poorly 
defined periods in the range from 1 to 2 sec., the amplitudes varying 
up to 0.21 cm. This motion had not completely died down at the 
end of the record, 92 seconds from the start.

THE EARTHQUAKE OF JULY 6, 1934, NEAR EUREKA

EARTHQUAKE DATA AND RECORDING STATIONS

Epicenter. -Off northern California near Eureka. 41°.7 north, 
124°.6 west.

Maximum, intensity and damage. V. Damage slight.
Area affected. 8,000 square miles on land.
Summary of strong-motion records. 
EUREKA: About TO miles south 20° east of epicenter. Recorded 

on accelerograph and displacement meter in the basement of the 
Federal Building.

FERNDALE: About 80 miles south 13° east of epicenter. Recorded 
on accelerograph on the ground floor of the town hall.
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ANALYSIS OF THE EUREKA RECORDS OF JULY 6

Accelerograph record. Figure 18. The accelerogram shows fairly 
regular activity continuing for about 10 or 20 seconds, and then 
dying out slowly, but perceptible for nearly a minute. The period 
of the motion on the east-west component is about 0.32 sec., and 
the maximum acceleration of these waves about 19 cm/sec.2 The 
period is the same on the north-south component but the acceleration 
only about 11 cm/sec. 2 On the vertical component there are only 
occasional traces of motion of the 0.32 sec. period, but there are 
many waves of shorter period, about 0.12 sec., and smaller accelera 
tion, about 4 cm/sec. 2 The horizontal components show traces of 
this short-period motion superimposed on the larger waves.

Displacement-meter record. Figure 19. The short-period motion 
recorded by the accelerograph shows up as a weak ripple in the 
first 15 seconds of the displacement-meter record. The main motion 
is of much longer period, and continues throughout the length of 
the record, 90 sec.

This motion is not very regular. The waves which most clearly 
approximate simple harmonic motion on the north-south component 
are some of period 3.5 sec. and ground amplitude 0.5 cm. Waves 
of period about 12.4 sec. and amplitude about 0.8 cm. are also 
discernible on this record. The most regular waves on the east- 
west component are some of period 2.8 sec. and amplitude 0.5 cm. 
This record shows also motion of period about 10.4 sec. and 
amplitude about 0.8 cm; also motion of period about 15.3 sec. and 
amplitude about 0.8 cm.

ANALYSIS OF THE FERNDALE RECORD OF JULY C

Accelerograph record. Figure 19. The motion is rather weak at 
the beginning of the record, and continues so for about 10 seconds,, 
when a stronger but irregular motion builds up and continues for 
about 10 or 20 seconds more, after which the motion dies down: 
gradually, continuing perceptible for more than a minute.

The irregular motion on the northwest component appears to be 
compounded largely of waves of periods 0.41 and 0.20 sec., with 
accelerations of 17 and 13 cm/sec. 2 respectively. Motion of period 0.9 
sec. and acceleration 13 cm/sec.2 is also apparent.

On the northeast component the acceleration of the short period 
motion is larger, about 25 cm/sec.2 , and the period 0.22 sec. The 
motion of period 0.4 sec. is practically imperceptible, but there is 
some motion of period 0.67 sec. and acceleration 7 cm/sec.2

The motion on the vertical component is weaker and less regular 
than on the horizontals, but a period 0.43 sec. is distinguishable, with 
acceleration 5 cm/sec. 2

THE PANAMA EARTHQUAKE OF JULY 17, 1934

EARTHQUAKE DATA AND RECORDING STATIONS

Epicenter. At sea off Chiriqui Province, Panama. 8°.0 north, 
82°.5 west.

Maximum intensity and damage. About VII on shore. In some 
localities almost all houses were cracked, some walls crumbled and
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iron and tile roofs caved in. An elevated water tank collapsed. 
Several adobe houses also collapsed.

Area affected. Unknown.
Summary of strong-motion records. 
BALBOA HEIGHTS: About 210 miles north 73° east of epicenter. 

Recorded on the accelerograph in the basement of the Administra 
tion Building.

ANALYSIS OF THE BALBOA HEIGHTS RECORD OF JULY 17

Accelerograph record. Figure 19. The maximum horizontal 
acceleration recorded is 7 cm/sec. 2 or 0.007 g. associated with waves 
of 0.6 sec. period. Other prominent periods in the record are, in 
the order of their frequencies, 0.35, 0.80, 0.25, and approximately 
2.0 sec. Visible activity ceases after about 50 sec. The vertical accel- 
erometer pendulum was obstructed. The displacement due to the 
0.6 sec. waves is about 0.6 mm. but for the longer 2 sec. waves may 
be as much as 4 mm.

Aftershocks started the strong-motion apparatus on two occasions, 
but the records are weak.

THE SAN FRANCISCO BAY REGION EARTHQUAKE OF OCTOBER 2, 1934

EARTHQUAKE DATA AND RECORDING STATIONS

Epicenter. Off shore near San Francisco Bay. 37°.6 north, 
122°.8 west.

Maximum intensity and damage. V. Practically no damage.
Area affected. 2,100 square miles on land.
Summary of strong-motion records. 
GOLDEN GATE PARK: About 20 miles north 60° east of epicenter. 

Accelerograph in the waterfall switch house.
OAKLAND: About 30 miles north 65° east of epicenter. Accelero 

graph in basement of City Hall.

ANALYSIS OF THE GOLDEN GATE PARK RECORD OF OCTOBER 2

Accelerograph record. Figure 20. The maximum acceleration 
is 5 cm/sec. 2 at the beginning of the east-west component, after which 
a few groups reach a maximum of 4 cm/sec. 2 Periods of 0.08 sec. 
prevail. On the north-south the maximum waves have a period 
of 0.11 sec. with 0.08 sec. dominating in the end portion. Maximum 
displacement is less than 0.01 mm.

On the vertical component the accelerations are only about one- 
third as large as on the horizontal, the maximum occurring in waves 
of 0.11 sec. period. Tremors of period 0.08 sec. are in evidence in. 
the end portion. After 15 sec. visible activity ceases.

ANALYSIS OF THE OAKLAND RECORD OF OCTOBER 2

Accelerograph record. Figure 20. There is a somewhat discon 
tinuous series of 0.11 sec. waves in which the principal portion 
lasts only a few seconds and all apparent activity ceases after 15 
sec. The true periods may be better described as ranging from 0.10 
to 0.12 sec. Maximum acceleration is 2 cm/sec2 . The estimated dis-
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placement is 0.005 mm. In the end portion there are traces of a 
0.6 sec. waves diminishing to 0.5.

This record, attributed to the earthquake of October 2, might 
conceivably have been made by some other weak shock occurring 
between August 10, when the paper was placed on the recording 
drum, and October 15, when the record was removed.

THE IMPERIAL VALLEY EARTHQUAKE OF OCTOBER 15, 1934

EARTHQUAKE DATA AND EECOBDING STATIONS

Epicenter. Lower California near Lake Maquata. 32°2T north, 
115°37' west. ^

Maximum intensity and damage. No reports from the epicentral 
region. IV at El Centre.

Area affected. Unknown. Very light shock.
Summary of strong-motion records. 
EL CENTRO : About 25 miles north 10° east of epicenter. Kecorded 

on the accelerograph at the Southern Sierra Power Co. terminal 
station.

ANALYSIS OF THE EL CENTRO BECORD OF OCTOBER 15

Accelerograph record. Figure 20. Maximum horizontal accelera 
tion is recorded in waves with periods between 0.1 and 0.2 sec. and 
never exceeds 4 cm/sec. 2 Some waves as short as 0.08 sec. are in 
evidence but none longer than 0.2 sec. Maximum displacement is 
0.01 mm.

On the vertical record, which is indistinct, the acceleration appears 
to be only about one-quarter of that recorded on the horizontal 
records. After 10 seconds all activity apparently ceases.

THE LOWER CALIFORNIA EARTHQUAKE OF DECEMBER 30, 1934

EARTHQUAKE DATA AND RECORDING STATIONS

Epicenter. About 35 miles due south of Calexico, according to in 
strumental determination. 32°.2 north, 115°.5 west.

Maximum intensity and damage. IX estimated in epicentral area. 
Considerable damage to property and roadbed along the Inter- 
California Kailroad below the border. No reports from epicentral 
region available.

Area affected. 60,000 square miles in California and Arizona, and 
an unknown area in Mexico.

Summary of strong-motion records. 
EL CENTRE : About 40 miles north 5° west of epicenter. Kecorded 

on accelerograph at the Southern Sierra Power Co. terminal station.
SAN DIEGO: About 105 miles north 70° west of epicenter. Ke 

corded on accelerograph in basement of the San Diego Consolidated 
Gas & Electric Building.

Los ANGELES : About 205 miles north 50° west of epicenter.. Ke 
corded on accelerographs in basement and on 13th floor of the Sub> 
way Terminal Building, and on the basement displacement meter.

HOLLYWOOD: About 205 miles north 50° west of epicenter. Ke 
corded on accelerographs in the basement and penthouse of the Hol 
lywood Storage Co. Building, and at the station on the adjoining lot.
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ANALYSIS OF EL CENTEO EECOED OF DECEMBER 30

Accelerograpli record. Figure 21. The acceleration of the short- 
period waves was so high that it is in some places difficult to separate 
the overlapping traces on the seismogram. During the first 2 sec. 
the horizontal accelerations were relatively small and then increased 
to a maximum. The vertical accelerations were consistently large 
from the start. The principal portion lasts about 15 sec. after which 
the short period, high acceleration phase, gives way to longer periods. 
The end portion was nevertheless active enough to trip the starter 
two more times so that the record obtained is as long as three normal 
records.

The main portion consists of a hopeless mixture of waves varying 
from 0.1 to 0.3 sec. period, with maximum trace amplitudes appar 
ently associated with waves close to 0.25 sec. At times the accelera 
tions exceeded 125 cm/sec. 2 on a single component and in one instance 
near the end portion it reached 175 cm/sec. 2 on one component when 
the other horizontal component registered practically nothing. This 
wave represents the maximum trace amplitude. The displacements 
corresponding to the first-named acceleration are of the order of 
2 mm. For the shorter periods the accelerations and displacements 
are considerably smaller.

Waves of intermediate period are difficult to distinguish but there 
is evidence of 0.5 or 0.6 sec. waves and 1 sec. waves, and quite definite 
indication of 1.8 sec. waves with acceleration of 25 cm/sec. 2 and 
estimated displacement of 20 mm.

During the first 5 sec. of the vertical motion record the outstand 
ing waves are those of 0.10 sec. period with accelerations of approxi 
mately 100 cm/sec. 2 and corresponding displacements of 0.25 mm; 
but only a few waves reach this peak. After 5 sec. a 0.5 sec. wave 
becomes prominent and after a period of complex activity the prin 
cipal portion ends with a spurt of a few 0.25 sec. waves wTith accelera 
tion about 50 cm/sec. 2 and estimated displacement 0.8 mm. 1.2 and 2.0 
sec. periods are prominent. In the vertical motion 1.0, 1.2, and 1.9 
sees, may be mentioned, but they are all of complex character imme 
diately after the main portion.

The principal portion does not exhibit as much activity in the 0.1 
sec. range of periods as the Long Beach record of March 10, 1933. 
Three aftershocks were recorded and these used up the remaining 
paper on the drum, resulting in loss of the record of the heavier 
shock of December 31.

ANALYSIS OF SAN DIEGO EECOED OF DECEMBER 30

Accelerograph record. Figure 22. Activity is very moderate, the 
maximum acceleration being less than 4 cm/sec.2 On the horizontal 
components there are a few weak traces of 0.12 sec. period with 
longer waves ranging from 0.25 to 2.0 sec. They are irregular in 
character with the intermediate periods dominating. The vertical 
record is of similar character with amplitudes only about one-half 
as great. The more active part ends at 25 sec.
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ANALYSIS OF LOS ANGELES SUBWAY TERMINAL EECOKDS O'F DECEMBER 30

Accelerograph records in basement and on 13th floor. Figure 22. 
Activity on the basement record is practically negligible until after 
29 or 30 sec. when a few weak waves appear. The periods are of 
the order of 1 sec. and accelerations less than 1 cm/sec.2

The 13th floor accelerograph is unique in that the activity is prac 
tically all in the earlier part of the record, and the waves of short 
period and irregular type instead of smooth and long as usually 
expected at that epicentral distance. Maximum acceleration does not 
exceed 2 cm/sec.2 In the first part tremors of 0.1, 0.2, and 0.3 sec. 
are in evidence followed by waves of 0.75 sec. period which dominate 
the remainder of the record. After 40 sec. there is no apparent 
activity.

Displacement meter record in basement. Figure 23. The dis 
placement meter, which is electrically connected to the accelerograph, 
recorded the shock of December 30 but not the large one of December 
31. There is practically no activity during the first 15 sec. except a 
slight indication of an 11 sec. wave. This wave, with shorter periods 
superimposed, dominates the active portion of the record. 1.0, 1.5, 
and 3.0 sec. waves form the greater part of the shorter period activity. 
Displacement for the shorter period waves does not exceed 1 mm, but 
for the 11 sec. wave it is close to 2.5 mm on each component.

ANALYSIS OF HOLLYWOOD STORAGE CO. BUILDING RECORDS

Accelerograph records in basement and penthouse, and on adjoin 
ing lot. Figure 23. Accelerographs are located in the basement and 
penthouse, and a third on an adjoining lot. The penthouse starter 
was undoubtedly responsible for operating the instruments (which 
are electrically connected) because the two lower instruments show 
almost no activity at all, perhaps 1 cm/sec. 2 The penthouse acceler 
ograph recorded fairly smooth waves of 3 or 4 cm/sec. 2 acceleration, 
occurring in several groups. The north-south periods are 1.2 to 1.3 
sec. with waves of 0.55 sec. occasionally interfering. In the east-west 
direction, waves of 0.55 sec. period dominate, with some evidence of 
a 1.0 sec. wave at the start. The lot record is not reproduced.

EARTHQUAKE OF DECEMBER 30, 1934, NEAR SANTA CRUZ

EARTHQUAKE DATA AND RECORDING STATION

Epicenter. Probably offshore near Santa Cruz. Location indefi 
nite. Occurred only a few minutes after the Lower California shock 
of December 30, which seems to have acted as a trigger force.

Maximum intensity and damage. V. No damage.
Area affected. About 3,000 square miles on land.
Summary of strong-motion records. 
SAN JOSE: Location from epicenter indefinite. San Jose is perhaps 

30 miles north 15° east of epicenter. Recorded on the accelerographs 
in basement and on thirteenth floor of Bank of America Building.
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ANALYSIS OF SAN JOSE RECORDS OF DECEMBER 30

Accelerograph record in basement of Bank of America Building.  
Figure 20. The principal portion lasts only about 15 sees, with 
accelerations gradually decreasing from the maximum of 6 cm/sec. 2 
which occurs at the start. The outstanding periods are between 
5 and 6 sees., with a few superimposed tremors of 0.2 sec. waves 
and a trace of 0.1 sec. waves. In the end portion a few weak 1 sec. 
waves emerge. Maximum displacement is estimated at 0.4 mm. 
The vertical motion is only about one-third that of the horizontal. 
See the following remarks on the thirteenth floor record for addi 
tional information.

Accelerograph record on thirteenth -floor of Bank of America 
Building. Figure 20. The maximum acceleration on the thirteenth 
floor measures only 9 or 10 cm/sec.2 against 6 cm/sec.2 observed in 
the basement for the same movement. The most obvious thing 
about the top floor record is failure of the building to swing through 
large amplitudes such as those recorded during the more distant 
earthquakes of June 25, 1933, and January 30, 1934, in western 
Nevada. Cursory inspection of the gram indicates that top floor 
horizontal accelerations (and this implies displacements also) are 
generally less than double those recorded in the basement. The 
prevailing period in the high acceleration zone is close to 0.55 sec., 
with a few 0.25 sec. waves superimposed and a tendency to drift 
into 1.5 sec. waves which at times becomes quite pronounced. In one 
of the end groups a 1.0 sec. wave emerges rather strongly. The 
record ends with smooth 1.4 sec. waves on the north 60° east com 
ponent and 1.3 sec. waves on the south 30° east component.

Comparison between the vertical motion records obtained on 
the 13th floor and in the basement shows a much greater motion 
of the thirteenth floor; three or four times greater for waves of 0.55 
sec. period or roughly 3.5 cm/sec.2 against 1 cm/sec.2 This happens 
in two separate groups of waves. The sensitivities of the two instru 
ments are equal but the vertical instrument is continuously dis 
turbed-by minute elevator vibrations of 0.05 sec. period, which may 
affect the performance of the instrument, although there is no ap 
parent reason why they should.

Building periods as recently determined from vibration tests are 
1.31 sees, along Santa Clara Street; 1.20 sees, along First Street.

LOWER CALIFORNIA EARTHQUAKE OF DECEMBER 31, 1934

EARTHQUAKE DATA AND KECOEDING STATIONS

Epicenter. Near the delta of the Colorado River in Mexico. In 
strumental epicenter 31°.8 north, 115°.1 west. This is about 35 miles 
southeast of the computed epicenter of the shock of the preceding 
day, but neither location has yet been verified by surveys in the field.

Maximum intensity and damage. Probably X in epicentral 
region. Considerable property damage along the border. It is often 
difficult to distinguish between the effects of this shock and the one 
of the preceding day.

Area affected. 80,000 square miles in the United States, and an 
unknown area in Mexico.
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Summary of strong-motion records. 
SAN DIEGO : About 135 miles north 60° west of epicenter. Re 

corded on the accelerograph in the San Diego Consolidated Gas & 
Electric Co. Building.

LONG BEACH: About 225 miles north 45° west of epicenter. Re 
corded on the accelerograph in the Public Utilities Building.

Los ANGELES: About 240 miles north 45° west of epicenter. Re 
corded on the basement accelerograph of the Chamber of Commerce 
Building; on the basement and thirteenth floor accelerographs of 
the Subway Terminal Building; and on the basement accelerograph 
of the Edison Building.

VERNON : About 240 miles north 45° west of epicenter. Recorded 
on the accelerograph in the basement of the Central Manufacturing 
District Terminal Building.

WESTWOOD: About 240 miles north 45° west of epicenter. Re 
corded on the accelerograph at the University of California.

HOLLYWOOD: About 240 miles north 45° west of epicenter. 
Recorded on the accelerographs in the basement and penthouse of 
the Hollywood Storage Co. Building and on the adjoining lot.

ANALYSIS OF SAN DIEGO RECORD OF DECEMBER 31

Accelerograph record. Figure 24. The record is marked by un 
usual duration and complexity of wave forms. Maximum accelera 
tion is about 8 cm/sec. 2 The most active portion lasts about 32 sec.; 
then there is an intermediate stage lasting 40 sec. During the end 
phase the automatic starter was tripped so that the record is con 
tinuous over double the length of a normal record. This marked the 
end of the roll.

There are small pronounced tremors of about 0.15 sec. period on 
all components but they appear of no consequence in comparison 
with the 0.6, 1.0, 1.5, and 2.0 sec. waves which dominate the record. 
Only approximate periods can be named because of the complexity, 
of the record. No group stands out in any considerable degree above 
the others. While maximum accelerations vary from 6 to 8 cm/sec.2 , 
the displacements are estimated roughly between 0.5 and 3.0 mm, 
the smaller values associated with the shorter 0.6 sec. waves, and 
the higher with the longer period groups.

Vertical motion activity is only one-third to one-half of that 
registered on the horizontal components.

ANALYSIS OF LONG BEACH RECORD OF DECEMBER 31

Accelerograph record. Figure 24. The accelerograph record is a 
series of smooth but somewhat irregular waves with maximum accel 
eration close to 2 cm/sec 2. The active portions lasts about 40 sec. 
The prevailing periods are 1.2 and 1.5 sec. with some intermediate 
periods, and also a number of 2.0 sec. waves in the end portion. The 
record is marked by a total absence of short period waves.

ANALYSIS OF LOS ANGELES SUBWAY TERMINAL RECORD OF DECEMBER 31

Accelerograph records in the basement and on the 13th floor.  
Figure 25. Activity on the basement record is almost negligible as 
on the preceding day. The record was not entirely completed before 
the end of the roll was reached. It is probable that there was some
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activity in the unrecorded end portion corresponding to that on the 
December .30 basement record.

On the thirteenth floor record both horizontal components are fea 
tured by smooth waves of sinusoidal character evidently representing 
free vibrations of the building. The maximum acceleration is only 2 
cm/sec.2 The northeast-southwest period is not far from 0.75 sec. 
In the northwest-southeast direction it is 0.57 sec. Activity in the 
end portion evidently actuated the instrument a second time. After 
100 sec. all activity ceases. There is no displacement meter record for 
this shock.

ANALYSIS OF LOS ANGELES, EDISON BUILDING. RECORD OF DECEMBER 31

Accelerograph record. Figure 26. The record contains little of 
anything except a low-amplitude irregular wave stretching out over 
the full, length of the record. The maximum acceleration is 2 
cm/sec.2 The most frequent periods are 1.0 and 1.5 sees. There is 
total absence of shorter period waves.

ANALYSIS OF WESTWOOD, UNIVERSITY OF CALIFORNIA, RECORD OF DECEMBER 31

Accelerograph record. Figure 26. The accelerograph record shows 
uniform activity for about 40 sec. and gradually diminishing activity 
thereafter. In spite of the weak activity in the end portion the 
starter tripped a second time. Maximum acceleration is close to 
2 cm/sec.2 The earlier part of the record is punctuated by a few 
weak tremors of 0.3 sec. period, but the prevailing periods are 0.6, 
1.1, and 1.7 sees.

ANALYSIS OF LOS ANGELES CHAMBER OF COMMERCE RECORD OF DECEMBER 31

Accelerograph records in basement and on l!2t,h floor. Figure 26. 
The basement accelerograph recorded an earthquake which seems 
to be that of December 31. The record is typical of a distant 
earthquake: The periods are all rather long and accelerations 
low, the maximum only about 3 cm/sec. 2 In the earlier portion 
periods of 0.6 sec. dominate. After about 25 sec., waves of periods 
1.5, 2.0, and 3.0 sec. feature the record, but they are very irregular. 
Some of the displacements associated with the longer periods may 
have reached several millimeters.

The accelerograph on the 12th floor did not record the shock be 
cause the roll was used up beforehand as a result of a short circuit.

ANALYSIS OF VERNON RECORD OF DECEMBER 31

Accelerograph record. Figure 27. The station at Vernon is on 
alluvium and the record shows considerably more activity than other 
stations at approximately the same epicentral distance. The maxi 
mum acceleration is 3 cm/sec. 2 The record shows almost uniform 
activity for the first 60 sec. The most frequent period is 1.0 sec. 
or slightly less. The record is almost devoid of shorter periods, 
except for traces of a few obscure 0.3 and 0.5 sec. waves. In the 
middle portion of the active part of the record there is a 2.5 sec. 
wave. The end portion is marked by irregular waves close to 1.5 
and 2.0 sec. period. The displacements due to the 2.5 sec. waves 
are probably 2 or 3 mm. For the 1 sec. waves the maximum is 
about 0.8 mm.



86 COAST AND GEODETIC SURVEY 1934

c

a

to

s
  o

Is
1
t 
o

IT)
CM

^

O
CJ
0)

Q.
«j
DO 

O O
CM »-

0)
O) 
CJ

ob
c
33'5
J3

if -c

~

LJ

O)

0)
130

0
-1

0 

r-l

CO

k_

_2
E
O)
CJ
O)
O

ID

C 

1

1 O'

</3
1

0|

<

5
o
ID

Z

LJ

Z

o 1
co O

o
k"

CL

2
2<i>
O)
oo

in <O
<N "c

E
O)

(S

txb 
c
^j

S '5
JD
O)

0>

Eo 
o
s  
O
u.m a)<**>

E 
ra
^i 
0
to 
O)
O)

2 o

  -i
CO

t__
O)

E
O)
CJ
(U

ID

C

o 
O

T3

8
8r>
O

.c
to

1
1
1
1
1

1
1
1
1
1
1
1
1

1
81

1

1 O 
1 <i>

1 j. 
1 °-s
» tao
i 2

0)1 -55
' y
1
' E  §
1 to1 «
. >

1
CO 

1

0| Q)

1 E 
' §
1 Q
1
1
1
1
1
1

mi

1

1

1

1

1 

1

o,ol
*"!

Ol



Do
wn

Se
co

nd
s

Do
wn

10
15

20
25

30

D
ec

em
be

r 
31

. 
H

ol
ly

w
oo

d 
S

to
ra

ge
 C

o.
 b

ui
ld

in
g.

 
P

en
th

ou
se

 
ac

ce
le

ro
gr

ap
h 

re
co

rd
.

W
es

t

N
or

th

S
ec

on
ds

D
ow

n

5 
10

 
15

 
20

 
25

D
ec

em
be

r 
31

. 
H

ol
ly

w
oo

d 
S

to
ra

ge
 C

o.
 b

ui
ld

in
g.

 
B

as
em

en
t 

ac
ce

le
ro

gr
ap

h 
re

co
rd

.

W
es

t

N
or

th

0
 

S
ec

on
ds

10
15

20
25

D
ec

em
be

r 
31

. 
V

er
no

n 
ac

ce
le

ro
gr

ap
h 

re
co

rd
 .

FI
G

U
RE

 
2

7
. 

T
ra

ci
n
g
s 

of
 s

tr
on

g-
m

ot
io

n 
se

is
m

og
ra

ph
 

re
co

rd
s 

of
 t

he
 

L
ow

er
 

C
al

if
or

ni
a 

ea
rt

hq
ua

ke
 o

f 
D

ec
em

be
r 

31
.

0
0



88 COAST AND GEODETIC SUKVEY 1934

ANALYSIS OF HOLLYWOOD RECORD OF DECEMBER 31

Accelerograph records in basement and penthouse of the Holly 
wood Storage Co. building, and on the adjoining lot. Figure 27. 
The basement and nearby lot records are almost identical, but not 
quite. There are slight differences in the shorter-period waves but 
the records on the whole are so much alike that reproduction of both 
of them seems superfluous, especially in view of the fact that the 
errors resulting from tracing them would in all probability be greater 
than the actual differences in the records themselves. The highest 
ground accelerations are only a fraction greater than 2 cm/sec. 2 
Ground periods of 0.5, 0.8, and 1.0 sec. can be identified in the earlier 
part and indefinite waves between 1 and 2 sec. in the latter portion. 
After approximately 60 sec. activity becomes feeble.

On the penthouse record, north-south component, accelerations 
slightly over 6 cm/sec.2 are recorded in waves having a dominant 
period close to 1.3 sec. The corresponding maximum amplitude is 
2.5 mm. There are frequent intrusions, however, of 0.55 sec. waves, 
varying as much as 20 percent in period. .

On the penthouse east-west record the 0.55 sec. period dominates 
with maximum acceleration of 6 cm/sec. 2 and estimated displace 
ment of 0.5 mm. The starter tripped a second time but only 10 sec. 
of the record were obtained. The amplitudes, especially on the 
north-south component, remain quite large throughout the 85 sec. 
of operation. On the east-west component there is very little activity 
after 60 sec. The free building period is 1.20 sec. in the north-south 
direction and 0.49 sec. in the east-west.

TABLE 3. Summary of strong-motion seismograph data for tlie year J934 1

WESTERN NEVADA EARTHQUAKE OF JAN. 30

Station and instrument Earth -wave period

Seconds 
12tol6          
2.2       .  
1.3.              
1.2-             
1.0              

0.5..-.            
0.46,0.3,0.2 «    -  
0.15-  --        
0.1 6_ -....    .........
2.3 2
1.5'           
1.6'         

Maximum 
acceleration

Cm/sec.* 
0.5"        
1.8.         
2.63.          
5    -       .
4.3            

 &. .................

1.... ..............

\.i. ...............
1.5. ...............
9     -.-     

Maximum 
displace 

ment

Cm 
2.5.*

O.H.*
0.18.3
0.11.*

0.01.*

0.001.3

0.02.3
0.084.3
0.57.3

PARKFIELD EARTHQUAKE OF JUNE 7

28   ......... . .....
1 ^. ....................

1.29'.       -------
0.51 '.. ................
0.52 «    _ ..........
1 2 - -------- - . .
1 to2            

4-....   .........
1 «.-. --------------
1 *»-_.         _   
2.5.           .
2.1..    ...... ---
0.7*  .        
12   -----------
3.73-   .... ...   

0.1.3

0.11.3
0.014 3
0.004.3
0.02.S 3
0.21.

See footnotes on page 90.
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TABLE 3. Summary of strong-motion seismograph data, for the year 193 Jf Con.

EARTHQUAKE OF JULY 6 NEAR EUREKA

Station and instrument Earth-wave period Maximum 
acceleration

Maximum 
displace 

ment

Seconds Cm/sec* Cm
Eureka aceelerograph.......................... 0.322.................. 19 2................ 0.05.25

0.1226................. 42................. 0.001.2'
Eureka displacement meter.................... 15.32.................. 0.14 2»............. 0.8.2

12.42.................. 0.2123............. 0.8.2
10.42 . ..._... _ . 0.2923 __...._. 0.8.»
3.5......_...._........ 1.6'..  ....     0.5.
2.8..-...-...-.......- 2.53............... 0.5.

Ferndaleaceelerograph......................... 0.9.-..-.-..-----.-.-.. 13................. 0.27.'
0.67.................. 7.................. 0.08."
0.4346...-.-.---.- 5-..--..--...- 0.02.3
0.41................... 17................. 0.07.!
0.22................... 25......   .   .... 0.031.3
0.20.            .- 13             0.013.3

PANAMA EARTHQUAKE OF JULY 17

Balboa Heigh ts aceelerograph.................. 2.0-- --.---------- 4»_.__..........  0.4.23
0.8.
0.6..---....-..-.... 7--....-.--..... 0.06.
0.25 2.

SAN FRANCISCO BAY REGION EARTHQUAKE OF OCT. 2

Golden Gate Park aceelerograph...__........ 0.11, 0.08.
5. 

Oakland aceelerograph.-.-   -_............. 0.5 to 0.6 5 .
0.10 to 0.12.........  2  .        - 0.0005.3

IMPERIAL VALLEY EARTHQUAKE OF OCT. 15

El Centro aceelerograph..._......._..__. 0.1 to 0.2....   .   ._. 4.
0.08.

LOWER CALIFORNIA EARTHQUAKE OF DEC. 30

El Centro aceelerograph. _..................... 2.0,67 1.9 6.
1.8....  ............. 2.5.....-- .   - 2.0.
1.2,6 1.5 1.Q6, 0.5 or

0.6. SO.5 6 
0.257........-....-- 175  .   .   .  0.3.3
0.256----.......... 50.-.----.   - 0.08.
0.10 8 1........ ......... 100          .- 0.025.

San Diego aceelerograph..-. .......   ....  0.20 to 2.5,50.128 __. 4 2.
Los Angeles subway terminal, basement ac- 1 2_................. 12.

celerograph. 
Los Angeles subway terminal, 13th-floor ac- 0.75, 0.3, 0.2, 0.1.      22.

celerograph. 
Los Angeles subway terminal, basement dis- 11, 3.0, 1.5, 1.0 ------- 0.08*.-.. __   _ 0.25.

placement meter. 
Hollywood, basement aceelerograph________-.                         i >_
Hollywood, penthouse aceelerograph   .   _._- 1.2 to 1.3, 1.0,0.55_.. 3 or 4.. 
Hollywood, lot aceelerograph....--.-------_. ........................ 1 2.

EARTHQUAKE OF DEC. 30 NEAR SANTA CRUZ

San Jose basement aceelerograph.. _.......... 5 to 6, 0.2, 0.1.
San Jose 13th-flooraceelerograph .............. 1.5,1.4,1.3,1.0...._.. 6.... .......... 0.04. :

0.55 7__................ 9 or 10---.    __ 0.07.'»
0.55 6.................. 3.52-...-.-.-.. o.03.'
0.25, 0.05 6 8 io_

See footnotes on page 90.
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TABLE 3. Summary of strong-motion seismograph data for the year 19,3.'t Con.

LOWER CALIFORNIA EARTHQUAKE OF DEC. 31

Station and instrument

C3lerograph. s

celerograph.

Earth-wave period

Seconds 
2.0,2 1.5,2 1.0 2.... ......
0.6 2...................
0.152.. ................

2.0, 1.5, 1.2... .......

3.0, s 2.0, s 1. 5,5 6.6-.-.. .

2.5.. ..................
2.0,5 1.5 '=..... ....... ..
1.0. -.-._- --.     ---.
0.5, 5 0.3 5. .............
1.5, 1.0. _   _-----_

1.7, 7 1.1/0.6,' 0.3 s ---.

1.3 ...................
0.55 2 ----------------

0.75,' 0.57 '_ -----

Maximum 
acceleration

Cm/sec. 2

6----.--. ----------

8      ..-   ...

2   -     -   -

3.-.. ....... --..
2-.. ---------------

3.... ............ ..

2.... ......__.. ....

2- ............... .

2.... ............. .
6---   ------
6------------

2  ---------

Maximum 
displace 

ment

C,7l

0.05.2 3

0.30.2 3

0.2 or 0.3.3

0.08.2 3

0.25.3
0.05. 3

1 This tabulation does not attempt to combine the 2 horizontal components. See text 
for more detail and descriptions of the seismograms. 

- Approximate value.
3 Computed from the measured or previously computed acceleration or displacement by

4ir2 A
by means of a= j,j , in which a is the maximum acceleration, T the period, and A the
displacement. In the case of waves not of simple harmonic form the results obtained by 
use of this formula are only approximate.

4 Computed by integration. 
0 Poorly defined waves.
6 On the vertical component.
7 Clearly defined motion,
8 Very weak waves.
9 Too irregular for periods to be discerned.
10 Due to machinery.
11 Record lost.
12 Similar to basement record.

TABLE 4. Instrumental constants of strong-motion seismographs in 1934

WESTERN NEVADA EARTHQUAKE OF JAN". 30

Station and instrument

San Jose basement accelerograph 5 .._.

San Jose 13th floor accelerograph 5_.._

Orientation of instru 
ment ' 

S.i-N...- .       -
E.-W     _ .........

S. 30° E.-N. 30° W-__ 
X. 60° E.-S. 60° W  .

S.30° E.-N. 30° W    
N. 60° E.-S. 60° W  

Pendu 
lum 

period

Sec.

.100

.098 

.100 

.098

.099 

. 100 

.098

Static 
magni 
fication

109
107 
110 
103
106 
107 
102

Sensi 
tivity 2

Cm

2.75
2.61
2.78 
2.51
2.62 
2.71 
2.45

Damp 
ing 

ratio

10:1

( 6) 
W ( 6 )

7:1 
12:1

Instru 
ment 
num 
ber 3

T19
L36

T51 
L50
V49
Tl 

L22
V27

See footnotes on page U2.
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TABLE 4. Instrumental constants of strong-motion seismographs in 1934~~Con.
PARKFIELD EARTHQUAKE OF JUNE 7

Station and instrument Orientation of instru 
ment !

S.-N          ___
E.-W.  _.    ____

S.-N    ..  _____
E.-W.......   ......

S.-N........... .......
W.-E         ___   _

S.-N       -    
W.-E.-.  ----.  

NE.-SW--      -
SE.-NW  --_--______

Pendu 
lum 

period

Sec. 
0.099
.098
.100
.099
.098

.099

.101

.099

.101

.099
10.0

Static 
magni 
fication

107
108
102
111
116
108

107
110
113

1.14
1.14

Sensi 
tivity 2

Cm 
2.66
2.61
2.57
2.77
2.82

2.73
2.67
2.82
2.82

Damp 
ing 

ratio

7:1

7:1
8:1

10:1
9. i

9:1
9:1
5:1

7:1

Instru 
ment 

-num 
ber s

T6
L24
Vll
T26
L9

V28
L3

V25
L37
T48
V47

L17

EUREKA EARTHQUAKE OF JULY 6

S.-N..        ..   .
E.-W            

S. N... ...............
W.-E.     .... ... ...
NW.-SE    ...... ...
SW.-NE.         

0.102 
.098 
.098 

10.0 
9.7 
.099 
.099 
.«97

111 
109 
101 

1.14 
1.14 

107 
113 
101

2.92 
2.65 
2.47

2.67 
2.81 
2.42

8:1 
6:1 
8:1 

25:1 
18:1 
6:1 
7:1 

10:1

T8 
L13 
V29 
R13 
L13 
T15 
L4 

VIO

PANAMA EARTHQUAKE OF JULY 17

S.-N . . _____    
E.-W-            

0.101 
0.101 
0.105

112 
116 
110

2.89 
2.99 
3.08

( 8) 
3:1 

(8)

T75 
L74 
V73

SAN FRANCISCO BAY REGION EARTHQUAKE OF OCT.2

N.-S  ... .     .... .
E.-W            

N. 25° E.-S. 25° W  .
S. 65° E.-N. 65° W  

0.099
0.103
0.098

0.099 
0.100

108
104
106
107
106 
103

2.68
2.79
2.58

2.63 
2.60

7:1
8:1

10:1
8 . 1

11:1 
11:1

L35
T31
V14
L33
T16 
V12

IMPERIAL VALLEY EARTHQUAKE OF OCT. 15

N.-S           
E.-W           

0.098 
0.101 
0.100

110 
105 
103

2.68 
2.72 
2.61

8:1 
10:1 
13:1

L68 
T69 
V67

LOWER CALIFORNIA EARTHQUAKE OF DEC. 30

Los Angeles subway terminal base 
ment accelerograph. 5 >

Los Angeles subway terminal base 
ment displacement meter. 5 

Los Angeles subway terminal 13th 
floor accelerograph. 5

Hollywood basement accelerograph 5 _

N.-S _ __ _____ ... ...
E.-W--.. ------

S.-N.-.. .______._  
E.-W            

SE.-NW.. ___ __
SW.-NE          

N.-S__. _______________
E.-W 
NE.-SW..          
SE.-NW  ----__.____

S.-N_________ .__.._. ._
E.-W             
Uo-Down. -----------

0.098 
0.100 
0. 100 
0.101 
0.100 
0.096 
0.097 
0. 101 
0.097 
9.94 

10.00 
0.094 
0. 100 
0. 100 
0.097 
0.097 
0.097

110 
105 
103 
111 
106 
104 
109 
105 
109 

1. 14 
1.14 

114 
112 
104 
100 
108 
112

2.68 
2.66 
2.61 
2.37 
2.68 
2.43 
2.60 
2.71 
2.60

2.55 
2.83 
2.63 
2.38 
2.57 
2.67

12:1 
10:1 
10:1 
12:1 
9:1 

11:1 
10:1 
11:1 
16:1 
12:1 
21:1 
8:1 
9:1 
6:1 
9:1 

23:1 
22:1

L68 
T69 
V67 
T72 
L71 
V70 
L91 

T101 
Vlll 
R15 
L15 
L92 

T102 
V112 
T105 
L95 

V115

See footnotes on page 92.
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TABLE 4. Instrumental constants of strong-motion seismographs in 1934 Con.

LOWER CALIFORNIA EARTHQUAKE OF DEC. 30 Continued

Station and instrument Orientation of instru 
ment '

S.-N-. .......... ......
W.-E. .............. ..

S.-N      . ........
E.-W... ........ ....

Pendu 
lum 

period

Sec. 
0.099
0.098
0.097
0.096
0.101
0.098

Static 
magni 
fication

112
106
113
101
107
107

Sensi 
tivity 2

Cm
2.78
2.58
2.69
2.35

2.60

Damp 
ing 

ratio

8:1
8:1
6:1
8 . 1

11:1
7:1

Instru 
ment 
num 
ber 3

L93
T103
V113
T104

T QA

V114

SANTA CRUZ EARTHQUAKE OP DEC. 30

San Jose basement accelerograph 5 ... .

San Jose 13th floor accelerograph s ..__

N. 60° E.-S. 60° W   
S. 30° E.-N. 30° W.-.

N. 60° E.-S. 60° W _ 
S. 30° E.-N. 30° W  . 
Up-Down..... ___ _

0.102 
.098 
.099
.101 
.100 
.099

107 
109 
103
104 
105 
102

2.82 
2.65 
2.56
2.69 
2.66 
2.53

10:1 
10:1 
10:1
12:1 
9:1 

11:1

L50 
T51 
V49
L22 
Tl 

V27

LOWER CALIFORNIA EARTHQUAKE OF DEC. 31

Los Angeles Chamber of Commerce 
basement accelerograph.

erograph.

Westwood accelerograph

accelerograph. 5

accelerograph. 8

lot accelerograph. s

ment accelerograph. 5

floor accelerograph. 5

S.-N           
E.-W. ............... .

N.-S           .
E.-W -     _ ...

S. 40° W.-N. 40° E   . 

S. 50° E.-N. 50° W  

S.-N          
E.-W. ___._.. .........

SE.-NW         

SW.-NE   -       -

S.-N           
E.-W. ...         

S.-N......-...   ...--

E.-W            

S.-N          

W.-E...         -

S.-N. . --------------

E.-W.-------------.

SE.-NW  ---------

SW.-NE     .   

NE.-SW    -     

SE.-NW         -

0.101
.100
.096
.098
.098
.098
.099

.098 

.100

.098

.099

.099

.098

.100

.100

.097

.100

.100

.097

.097

.097

.099

.098

.097

.096

.101

.098

.097

.101

.097

.094

.100

.100

111
106
104
110
101
107
103

116 
109
107
107
106
110

106
104
107
107
106
100

108
112
112

106
113
101

107
107
109

105
109
114

112
104

2.37
2.69
2.43

2.46
2.60
2.56

2.82 
2.74
2.60
2.66
2.63
2.68

2.68
2.63
2.55
2.71
2.69
2.38

2.57
2.67
2.78

2.58
2.69
2.35

2.76
2.60
2.60

2.71
2.60
2.55

2.83
2.63

12:1
9:1

11:1
10:1
8:1
8:1
9:1

9:1 
9:1

10:1
9:1
9:1

12:1

13:1
10:1
12:1
9:1

12:1
9:1

23:1
22:1
8:1

8:1
6:1
8:1

11:1
7:1

10:1

11:1
16:1
8:1

9:1
6:1

T72
L71
V70

T57
V55
T26

L9
V28

L64
V66
L61

T62
V63
T34
L35
V30

T105

L95
V115
L93

T103
V113
T104

L94
V114

L91

T101
Vlll

L92

T102
V112

1 The direction on the left (" S " in the first case) indicates the direction of pendulum displacement relative 
to instrument pier which will displace the trace upward on the original seismogram.

2 The sensitivity is the number of centimeters on the seismogram that corresponds to 100 cm/sec. 2 of accel 
eration. The deflection corresponding to an acceleration of Mo gravity may be obtained by multiplying 
the sensitivity tabulated by 0.98. See last paragraph on page 62.

3 All accelerometers have been changed over to the pivot type.
* The accelerographs at Balboa, Eureka, Ferndale, and Pasadena had not yet been equipped with tape 

recorders.
5 Instruments at this station wired to start simultaneously.
6 Very high.
7 Approximate value.
8 No good measurements.
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DESCRIPTIONS OF STRONG-MOTION SEISMOGRAPH STATIONS

NOTE. Descriptions of the following stations will be found in the preceding publica 
tion oi' this series, Serial 579, United States Earthquakes, 1933 : Long Beach, Public 
Utilities Building; Pasadena, California Institute of Technology; San Jose, Bank of 
America Building; Vernon, Central Manufacturing District Terminal Building; and 
Westwood, University of California at Los Angeles.

BALBOA HEIGHTS, CANAL ZONE 

ADMINISTRATION BUILDING

Accelerograph in basement

This building is located in lat. 8°57'39" north, long. 79°33'29" 
west, on a spur of the north slope of Ancon Hill, just off Ancon 
Boulevard, the principal avenue of the Pacific terminal of the 
Panama Canal. The ground floor is 180 feet by 330 feet and is 
shaped like the letter "E", the long axis being north 52°45' west, 
true bearing. The accelerograph is in the basement of the north 
westerly end of the building, in the regular seismograph room, which 
is 21 by 22 feet.

This three-story and basement building is of steel mill building 
framework, with concrete block partition wralls, reinforced concrete 
floors, and plaster walls and ceilings. The foundation is a concrete 
slab on rhyolite rock; the whole hill is an intrusion of igneous mate 
rial, the source of all concrete material in the Pacific Locks, and 
there are no signs of estuarine deposits and fills of the more usual 
Isthmian physiography down to sea level. The basement elevation is 
3G meters above the ocean, which is less than y2 mile away. Opera 
tion of instrument was begun on March 22, 1934.

BISHOP 

LOS ANGELKS WATER DEPARTMENT OFFICE AND GARAGE

Accelcror/rapJi on ground floor

The building is one stoiy high, of frame construction, well built, 
»vith a concrete floor. The accelerograph is located on the ground 
floor. The, building is 48 by 100 feet, and is built directly on the 
ground which is alluvium, made up of a fairly tight clay.

The alluvium, which is at least several hundred feet deep, consists 
of river gravels and sands and lake beds in alternating horizontal 
Layers, and rests on granite. The general structure is a basin pro 
duced by the dropping of a slice several miles wide between two 
north-south faults. On this depressed slice the alluvium has accu 
mulated. The uppermost bed is soft soil. The ground-water level 
lies only 20 or 30 feet below the surface.

KL CENTRO

SOUTHERN SIERRA POWEU CO. TERMINAL STATION

Accelcroyraph on first floor

The building is two stories high of massive concrete construction, 
heavily reinforced. The accelerograph is on the first floor under the 
stairway. On the same floor are two 5,000-kilovolt-ampere syn 
chronous condensers, but they do not noticeably disturb the instru 
ment, perhaps because of the heavy construction of the building. 
The building is CO bv 80 feet.
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The alluvium beneath El Centre is certainly hundreds of feet 
deep, and perhaps several thousand. The surface material is soft 
silt. The alluvial strata consist mainly of silt and other soft lake 
beds with some beds of gravel and sand. This is material deposited 
by the Colorado Eiver on its alluvial fan or delta. The alluvium at 
El Centre is part of a huge bed of loose detritus laid down in a 
trough formed by subsidence of slices several miles wide between 
branches of the San Andreas fault.

EUREKA 

FEDERAL UUILDING

Accelerograph and displacement meter in 'basement

The building is brick and stone tied in to reinforced concrete 
girders. The dimensions are about 95 by 68 feet. There are three 
stories and a basement. The foundation is set directly on firm 
ground. The instruments, an accelerograph and a displacement 
meter, are located in the basement.

The material beneath the building is sand, clay, and gravel, prin 
cipally terrace and estuarine deposits. The geology of the region 
is not well known. The bedrock surrounding Eureka is believed to 
belong to the Mesozoic era. Some of the rock is Chico sandstone of 
the Cretaceous, and some of it may belong to the Franciscan series  
probably Jurassic. The active earthquake belt extends northward 
from the San Francisco Bay region off the coast of Eureka.

FERNDALE 

TOWN HALL

Accelerograph on ground floor

The building is a two-story frame structure TO by 33 feet, whose 
foundation rests directly on the ground. The accelerograph is 
located on the ground floor.

The material underlying the structure consists of unconsolidated 
sediments, probably alluvial. The vertical distance to bedrock is 
unknown, but the rock constituting the nearby hills is loosely 
cemented sandstone and shale. The rock of the region is believed 
to belong to the Wildcat formation of the Pliocene. The active 
earthquake belt of the San Francisco area extends into the sea off 
the coast near Ferndale.

HOLLYWOOD 

HOLLYWOOD STORAGE CO. BUILDING

Accelerograph in basement, in penthouse, and adjoining Pacific Gas & Electric Co. lot.

The building is located on the west side of Highland Avenue just 
south of Santa Monica Boulevard, about one-half mile south of the 
business section of Hollywood. It is 14 stories high, 150 feet from 
ground to roof, with 2 penthouses and radio towers. The floor 
of the penthouse in which the accelerograph is installed is about 
3 feet above the roof. The floor of the basement in which the other 
accelerograph is installed is about 12 feet below street level. The
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building is of reinforced concrete construction, 50 feet by 217 feet, 
and is of simple rectangular plan with the longer sides directed 
east and west. The foundation is built on piles. The accelerograph 
on the adjoining Pacific Gas & Electric Co. lot is housed in a light 
6- by 9-foot galvanized-iron building. This building is located 112 
feet west of the west wall of the Hollywood Storage Building. The 
three accelerographs are wired for simultaneous starting and time 
marking. The lot station was not established at the time of the 
June 7 earthquake.

The station is on rather coarse alluvium some tens of feet, or 
quite possibly several hundreds of feet in thickness resting on some 
hundreds or several thousands of feet of Tertiary sedimentary for 
mations, which in turn rest on slates or possibly other crystalline 
bedrock. The material immediately beneath the station is soft al 
luvium. Deep parts of the alluvium consist of sands and gravels de 
posited as fan material by streams issuing from the south slope of 
the Santa Monica Mountain. The water table is probably some tens 
of feet below the surface.

LOS ANGELES 

CHAMBER OF COMMERCE BUILDING

Accelerograph and strong-motion seismograph in basement; accelerograph on twelfth
floor

The Chamber of Commerce Building is on the north side of 
Twelfth Street and extends from Broadway to Hill Street. The 
building proper is 10 stories high and has a 2-story penthouse 
on top of the roof. It is of steel frame construction, and is, roughly, 
230 by 185 feet. The Weed seismograph is on a pier at the base of 
one of the columns in the exhibit room in the basement of the build 
ing. The accelerograph in the basement is in a room behind the 
display cases on the southwest side of the assembly room. The 
accelerograph on the twelfth floor is in a room east of the water 
tanks. The two accelerographs are wired for simultaneous starting.

The material immediately beneath the station is soft alluvium. 
Its thickness is probably at least some tens of feet and may attain 
several hundreds of feet. Beneath this alluvium lie some thousands 
of feet of late Tertiary unconsolidated marine sediments, folded and 
tilted. Beneath these may lie a considerable thickness of early 
Tertiary and possibly Cretaceous consolidated sediments and under 
lying these are the slates or other old bedrock formations. The 
water level is probably not more than a few tens of feet below the 
land surface.

LOS ANGELES 

EDISON BUILDING

Accelerograph in semibasement

The Edison Building is situated on the corner of Fifth Street 
and Grand Avenue, which is one block west of the northwest corner 
of Pershing Square. The building is constructed of reinforced 
concrete with a steel frame, the foundation resting upon hardpan, 
which is a blue clay about 365 feet in thickness. The building is 
150 feet in height, and has 13 floors. The instrument room is located 
near the center of the building on the basement level. The building 
is of the set-back type and approximately square plan.
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The 365 feet of blue clay rests upon late Tertiary unconsolidated 
marine sediments which are highly folded and tilted, several thou 
sands of feet in thickness. Below this is a considerable thickness 
of consolidated marine sediments of early Tertiary and Cretaceous, 
resting upon older bedrock. The water table is not far below the 
surface.

LOS ANGELES 

SUBWAY TERMINAL BUILDING

Accelerograph and displacement-meter in train shed; accelerograph on 13th floor

The building is in the block bounded by Fourth, Fifth, Hill, and 
Olive Streets. The Subway Terminal Building is 186 b^ 241 feet, 
the upper stories consisting of several independent units. One 
accelerograph and displacement-meter are located in the portion of 
the train shed under Olive Street, west of the Subway Terminal 
Building, the portion of the shed housing the instrument being 
structurally independent of the main building. This instrument 
room is 64 feet below the street level and is constructed of reinforced 
concrete. It is on the station platform only a short distance from 
the track. The second accelerograph is located in the north wing 
near the center of the building, on the thirteenth floor. The instru 
ments are wired together for simultaneous starting and synchronous 
time marks.

Alluvium is relatively thin or wanting at this station. At or 
immediately below the surface are the late Tertiary marine sedi 
ments, folded strongly, and beneath these is a section of rocks 
similar to that at the chamber of commerce station. Since alluvium 
is so thin or wanting here, a statement regarding water conditions 
is not particularly pertinent, but the water table is doubtless not far 
below the surface.

OAKLAND 

CITY HALL

Accelerograph in basement

The instrument is located beneath the Fourteenth Street entrance, 
between sidewalk and building line, of the city hall, which faces 
eastward on Washington Street and lies between Fourteenth and 
Fifteenth Streets. The elevation of the ground is about 30 feet.

The building has 15 floors in addition to the mezzanine, the base 
ment, and the cupola. It is constructed of reinforced concrete with 
facing of blocks "of granite. The dimensions at the ground floor 
are 175 by 125 feet. The foundation is on piles which have been 
driven to a depth of about 50 feet in unconsolidated sediment.

Unconsolidated sediments, probably estuarine in character, under 
lie the city hall. The exposed rock west of the Hayward fault in 
Oakland, Piedmont, and Berkeley belongs to the Franciscan series, 
which is probably pre-Cretaceous. The Berkeley Hills east of the 
fault lie in a syncline of Tertiary seclimentaries and volcanics. The 
Hayward rift, a very active fault, passes along the base of the 
Berkeley Hills about 3i/j to 4 miles east and a little north of 
the city hall. There is another fault in San Francisco Bay about 
2 miles from the city hall, and other faults farther away.
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SAN DIEGO 

GAS PLANT

Accelerograph on ground floor

The San Diego Consolidated Gas & Electric Co. building, located 
between Eleventh and Twelfth Streets and between L Street and 
Imperial Avenue, is a one-story building, about 46 by 44 feet, built 
of brick, with good cement mortar, but not reinforced. There is 
a basement under part of the building. The accelerograph is in 
the calorimeter room on the first floor.

The foundation is upon sedimentary material of fairly hard sand 
and clay. Soft alluvium immediately underlies this locality, and 
its thickness is not less than some tens of feet. It presumably rests 
on a somewhat more consolidated alluvium which in turn probably 
rests on a thickness of some hundreds or thousands of feet of Ter 
tiary and Cretaceous compact marine sediments. Beneath these is 
granite, but the depth to it is not known, other than that it is 
presumably not less than some hundreds of feet and probably not 
in excess of a few thousands of feet. The water table is not more 
than 20 feet below the surface.

SAN FRANCISCO 

GOLDEN RATE PARK

Accelerograph

The accelerograph is located in the switch house for the illumi 
nated waterfall of Golden Gate Park, which is situated just above the 
crest of the waterfall. The building is a small frame structure, 11 
feet square and about 6% feet high. It is built on solid rock.

The rock immediately under the building as exposed at the illumi 
nated waterfall is sharply folded thin bedded chert of the Franciscan 
series. The San Andreas fault runs out into the ocean about 5 miles 
west of the station.

SANTA BARBARA 

COURTHOUSE

Accelerograph in basement

The building is located in the block .enclosed by Anacapa, Ana- 
pamu, Santa Barbara, and Figueroa Streets. It has two stories, a 
basement, and a tower. Its dimensions are approximately 370 by 
300 feet. It is constructed of class "A" steel frame throughout with 
reinforced concrete exterior walls, floors, and roofs. The interior 
partitions are metal lath and plaster on steel studding. The accel 
erograph is located in the basement below the tower.

The foundation soil is alluvium, which is probably some tens of 
feet thick. It rests on Tertiary marine formations of compact type 
having a thickness of not less than several thousand feet. These 
rest, possibly at depths as great as fifteen or twenty thousand feet, 
on granite or other crystalline bedrock. The tertiary formations are 
highly faulted and stand at steep angles. The water table is prob 
ably 20 or 30 feet below the surface.
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TILT OBSERVATIONS

The tilt observations described in "United States Earthquakes, 
1933" were continued through 1934. The results are published in the 
Bureau's Special Publication No. 201, "Earthquake Investigations 
in California, 1934-1935."

ADDITIONS AND CORRECTIONS TO PREVIOUS PUBLICATIONS

1932. June 6. See The Eureka Earthquake of June 6, 1932 by Neil R. Sparks. 
Bulletin of Seismological Society of America, Vol. 26, No. 1, January 1936, 
page 13. Epicenter by Sparks 40°45' north, 124°30' west.

1932. December 20. See The First Preliminary Waves of the Nevada Earth 
quake of December 20, 1932, by Perry Byerly. Bulletin of the Seismological 
Society of America, Vol. 25, No. 1, January 1935, page 62. Epicenter by 
Byerly 38°48' north, 117°59' west.

1933. January 12: 22: 20.* Berkeley reports Rossi-Forel IV at Ben Lomond, 
Boulder Creek, Felton, and Santa Cruz; Rossi-Forel III at Moss Landing 
and San Jose. Epicenter near Wrights.

1933. February 2: 19:25.* Berkeley reports Rossi-Forel IV at The Pines. 
Felt at Woodlake.

1933. February 26: 1:35.* Berkeley reports epicenter near San Juan.
1933. March 27: 2:45.* Berkeley reports 2 separate shocks.
1933. March 27: 5: 02.* Berkeley reports Rossi-Forel IV at Knowles and 

Pineridge, Calif., and at Candelaria, Nev.
1933. April 11: 22: 30 approximately. Felt slightly at Lindsaya and Por- 

terville.
1933. April 12: 2:03. Berkeley reports Rossi-Forel IV at Tulare and 

Strathmore. Aftershock about 4:00.
1933. April 18: 23:26. Berkeley reports epicenter about 5 miles northwest 

of Danville. Windows rattled in San Leandro and East Oakland.
1933. May 16: 3:45.* Berkeley reports Rossi-Forel VI-VII at Mission, San 

Jose, and Walnut Creek; V at Irvington, Palo Alto, and Southampton Shoal 
Light; IV at Benicia, Burlingame, Gilroy, Healdsburg, Lodi, Pittsburg, and 
St. Helena; III at Brentwood, Calistoga, and Sonoma.

1933. May 26: 21:29. Aftershock of May 16 earthquake according to Berke 
ley. Felt in Niles.

1933. June 3 : 18: 44. Epicenter about 3 miles from Lick Observatory accord 
ing to Berkeley. Rossi-Forel IV at Burlingame.

1933. June 19: 22: 02. Berkeley reports Rossi-Forel IV at Paraiso Springs 
and epicenter about 15 miles southeast of Monterey.

1933. June 22: 4:37. Berkeley reports epicenter probably in Mono County. 
Rossi-Forel IV at Burton Valley; III at Bakersfield.

1933. June 23: 11: 55. Berkeley reports Ilossi-Forel IV at Fairfield, Mari- 
posa, Quincy, Verona, and Wolf; III and under at Big Oak Flat; I-II at 
Camp Rogers.

1933. June 25: 12:45. Berkeley reports Rossi-Forel IV at Agua Caliente, 
Camino, Campo Seco, Corning, June Lake, Mendocino, Merrimac, Monte Rio, 
North Fork, and Southampton Shoal Light; III at Cisco; I-II at Maxwell, 
Pinnacles, and Selma. In United States Earthquakes, 1933, page 16, change 
area affected from 40,000 square miles to 70,000 square miles.

1933. July 16: 16:32.* Berkeley reports Rossi-Forel V-VI at Carmel. Epi 
center a few miles north of Watsonville.

1933. July 18: 1:06.* Berkeley reports Rossi-Forel IV at Berkeley and 
Livermore. Epicenter about 6 miles west of Livermore.

1933. August 10: 15:41.* Berkeley reports Rossi-Forel IV at East Oakland 
and Hayward. Epicenter very near Niles.

1933. September 22: 20: 48. Berkeley reports Rossi-Forel II-III at Hollister. 
Epicenter about 30 miles from Lick Observatory.

1933. September 28: 3 : 55. Berkeley reports Rossi-Forel IV at Harris.
1933. October 2 : 1:10.* Rossi-Forel VI at Fullerton, Long Beach, San Pedro, 

and Walnut Park; IV at Altadena, Burbank, and Eagle Rock; IIT or less 
at Imperial.
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1933. November 10 : 9: 01. Felt by a few in Eureka.
1933. November 13: 13: 22. 2 slight shocks felt at Long Beach, Los Angeles, 

and Pasadena.
1933. December 2: 15:19. Felt slightly at Santa Clara. Epicenter about 5 

miles northwest of lack Observatory according to Berkeley.
1933. December 11: 1: 57.* Berkeley reports epicenter about 7 miles south 

east of Watsonville; Rossi-Forel IV at Gilroy, Salinas, and San Jose.
1933. December 13: 7:35.* Berkeley reports epicenter about 7 miles south 

east of Watsonville; Rossi-Forel II-II1 at Boulder Creek, Oakland, and 
Point Pinos.

1934 and earlier. See Seismic History of the Puget Sound Basin by D. C. 
Bradford. Bulletin of the Seismological Society of America, Vol. 25, No. -, 
April 1935, page 138.
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UNITED STATES EARTHQUAKES, 1935

INTRODUCTION

This publication is a summary of earthquake activity in the United 
States and the regions under its jurisdiction for the calendar year 
1935. The period up to 1927 for the United States is covered, for 
all except minor earthquakes, by Special Publication No. 149 of the 
Bureau, "Earthquake History of the United States Exclusive of the 
Pacific Region", and by several publications for the Pacific region. 
These include the Holden and McAdie catalogs, 1 Special Publication 
No. 191 of the Bureau, "Destructive and Near-Destructive Earth 
quakes in California and Western Nevada, 1769-1933", and a forth 
coming publication of the Seismological Society of America. The 
period from 1928 on is covered by the series to which the present 
publication belongs.

Earthquakes of volcanic origin in the Hawaiian and Philippine 
Islands are not included, and only severe shocks are included in 
the case of the Philippine Islands as complete reports are published 
by the Manila Central Observatory. Earthquakes adjacent to the 
United States and felt within its borders are described only in a 
general way when detailed descriptions are published elsewhere.

Cooperation of investigators solicited. In order that these publi 
cations may be as complete as possible in the more important details 
of earthquakes and in references, it is desired that investigators 
cooperate to the fullest extent, as such cooperation will be to the 
mutual advantage of everyone concerned. The Bureau is willing to 
furnish investigators all information at its disposal consisting prin 
cipally of seismographic records and post-card questionnaires ob 
tained in many instances through special canvassing of affected 
areas. In return it is requested that preferably advance notices 
be furnished of results obtained so that abstracts and reference s may 
be inserted with due credit given the sources. An advance notice 
of a planned investigation might save considerable overlapping of 
effort and would give wider publicity to the work of the investigator.

The noninstrumental information has been furnished by a large 
number of individuals and organizations whose voluntary cooperation 
has made it possible to prepare descriptions of the earthquakes of this 
country with a completeness and accuracy never before attained. 
Lack of space prohibits giving individual credit to all of the coop- 
erators. The principal sources of information are as follows:

United States Weather Bureau.
Central office of the Jesuit Seismological Association of St. Louis, Mo.

1 Smithsonian Miscellaneous Collections, 1089. A Catalog of Earthquakes on the Pacific Coast, 1769- 
1897. Edward S. Holden. Smithsonian Miscellaneous Collections, 1721. Catalog of Earthquakes on 
the Pacific Coast, 1897-1901. Alexander Q. McAdie.

1
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The Seismological Field Survey of the Bureau at San Francisco, cooperating 
with the Seismological Laboratory of the Carnegie Institution and California 
Institute of Technology (H. O. Wood, research associate, in charge), University 
of California (Perry Byerly in charge of the Seismological station), and Stanford 
University. Among the commercial agencies on the West coast rendering val 
uable services are telephone, power, oil, railroad, and especially insurance com 
panies. Certain concerns interested in the earthquake-resistant qualities of their 
products are also active, together with various organizations of structural engineers 
and architects.

The reports from Alaska are due largely to the efforts of Dr. C. E. Bunnell, 
president of the University of Alaska.

Press dispatches received through the courtesy of Georgetown University.
Telegraphic reports collected by Science Service, Washington.
Bulletins of the Seismological Society of America.
Interested individuals in various parts of the country.

In addition to the above sources of information, the Coast and Geo 
detic Survey, or its Seismological field survey at San Francisco, can 
vasses areas affected by shocks of unusual intensity. In this way the 
extent and the maximum intensities of all heavy shocks are deter 
mined and the data are usually sufficient to construct isoseismal maps 
or, at least, maps of the affected areas. The Seismological station of 
the University of California, Berkeley, and the Seismological labora 
tory of the Carnegie Institution of Washington and the -California 
Institute of Technology, at Pasadena, cooperate actively in the can 
vassing program arranged especially for the Pacific coast region.

Notes on the regional earthquake tabulations. The destructive 
features of all shocks are enumerated in the abstracts, but otherwise 
the descriptive matter is reduced to a minimum. The original reports 
are open for inspection by anyone interested in unpublished details. 
More detailed descriptions of earthquakes on the West coast will be 
found in mimeographed reports available at the San Francisco field 
station.

Beginning with the 1931 number of this series, Serial No. 553, 
the Coast and Geodetic Survey has used and will continue to use 
the modified Mercalli intensity scale of 1931, in place of the Kossi- 
Forel scale, to designate the intensity of earthquake activity. All 
intensity numbers therefore refer to the new scale unless otherwise 
designated. The reasons for this change are set forth in an article 
entitled ''Modified Mercalli Intensity Scale of 1931", by Harry O. 
Wood and Frank Neumann, in the December 1931 number of the 
Bulletin of the Seismological Society of America, volume 21, no. 4. 
This article contains the original unabridged scale and also an abridged 
scale. The latter is given here, together with equivalent intensities 
according to the Kossi-Forel scale.

MODIFIED MERCALLI INTENSITY SCALE OF 1931 

(Abridged)

I. Not felt except by a very few under especially favorable circumstances.
(I Rossi-Forel scale.)

II. Felt only by a few persons at rest, especially on upper floors of buildings. 
Delicately suspended objects may swing. (I to II Rossi-Forel scale.)

III. Felt quite noticeably indoors, especially on upper floors of buildings, but 
many people do not recognize it as an earthquake. Standing motor 
cars may rock slightly. Vibration like passing of truck. Duration 
estimated. (Ill Rossi-Forel scale.)

IV. During the day felt indoors by many, outdoors by few. At night some 
awakened. Dishes, windows, doors disturbed; walls make cracking 
sound. Sensation like heavy truck striking building. Standing motor 
cars rocked noticeably. (IV to V Rossi-Forel scale.)
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V. Felt by nearly everyone; many awakened. Some dishes, windows, etc., 
broken; a few instances of cracked plaster; unstable objects over 
turned. Disturbance of trees, poles, and other tall objects sometimes 
noticed. Pendulum clocks may stop. (V to VI Rossi-Forel scale.)

VI. Felt by all; many frightened and run outdoors. Some heavy furniture 
moved; a few instances of fallen plaster or damaged chimneys. Dam 
age slight. (VI to VII Rossi-Forel scale.)

VII. Everybody runs outdoors. Damage negligible in buildings of good design 
and construction; slight to moderate in well-built ordinary structures; 
considerable in poorly built or badly designed structures; some chim 
neys broken. Noticed by persons driving motor cars. (VIII  Rossi- 
Forel scale.)

VIII. Damage slight in specially designed structures; considerable in ordinary 
substantial buildings with partial collapse; great in poorly built struc 
tures. Panel walls thrown out of frame structures. Fall of chimneys, 
factory stacks, columns, monuments, walls. Heavy furniture over 
turned. Sand and mud ejected in small amounts. Changes in well 
water. Disturbs persons driving motor cars. (VIII+ to IX  Rossi- 
Forel scale.)

IX. Damage considerable in specially designed structures; well-designed 
frame structures thrown out of plumb; great in substantial buildings, 
with partial collapse. Buildings shifted off foundations. Ground 
cracked conspicuously. Underground pipes broken. (IX -\- Rossi-Forel 
scale.)

X. Some well-built wooden structures destroyed; most masonry and frame 
structures destroyed with foundations; ground badly cracked. Rails 
bent. Landslides considerable from river banks and steep slopes. 
Shifted sand and mud. Water splashed (slopped) over banks. (X 
Rossi-Forel scale.)

XI. Few, if any (masonry), structures remain standing. Bridges destroyed. 
Broad fissures in ground. Underground pipe lines completely out of 
service. Earth slumps and land slips in soft ground. Rails bent 
greatly.

XII. Damage total. Waves seen on ground surfaces. Lines of sight and level 
distorted. Objects thrown upward into the air.

An asterisk (*) indicates that the time is taken from an instrumen 
tal report and is reliable. In other instances quite large deviations 
are frequently reported.

In the case of California, earthquakes reported as feeble are not 
plotted on the epicenter map of the United States nor are minor 
aftershocks plotted for heavy earthquakes in California or any other 
region. The reader should bear in mind that the information serv 
ice in California has been developed to a point not approached in 
any other section of the country. When the coordinates of epicenters 
are given, the sources of information are stated when the epicenters 
are determined by other organizations such as the seismological 
station of the University of California under the direction of Prof. 
Perry Byerly or the seismological laboratory of the Carnegie Institu 
tion and the California Institute of Technology, at Pasadena, under 
the direction of H. O. Wood. The bulletins of these institutions 
should be consulted for further details and often additional shocks.

Time is indicated as continuous from 0 to 24 hours, beginning and 
ending at midnight. Local standard time is used except in table 1.

Within the United States the same regional arrangement has been 
followed as in Special Publication No. 149, previously mentioned, 
except that Washington and Oregon have for convenience been 
treated separately from California.

Special report.  Attention is invited to a special quarterly report 
issued by the Bureau's seismological field survey, with headquarters 
at San Francisco, entitled "Abstracts of Earthquake Reports for the 
Pacific Coast and the Western Mountain Region." The reports are
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in mimeographed form and tabulate in unabridged style all infor 
mation contained in noninstrumenta] reports collected in the region 
indicated.

INSTRUMENTAL RESULTS

Teleseismic results. Epicenters given in the noninstrumental results 
and in the tabulation on page 57 have been determined at the Washing 
ton office unless otherwise stated. Quite often they represent the 
mean of the positions determined by the Bureau and the Central 
Station of the Jesuit Seismological Association cooperating with 
Science Service. Immediate epicenter determinations from tele 
graphic reports are frequently made through the cooperation of these 
institutions and individual seismograph stations and the results 
broadcast without delay to Europe and points in the Pacific. As the 
published epicenters are based on only a portion of the available data, 
they must be considered provisional.

Attention is called to the mimeographed reports of the Bureau 
listing the detailed seismographic results obtained at its own stations 
and a large number of cooperating stations. The tabulated "Sum 
mary of instrumental epicenters" on page 57 is abstracted from these 
monthly reports.

Strong-motion results. The introductory remarks in the chapter 
on this subject explain in detail the purpose of the work, which is 
primarily to furnish engineers exact information concerning ground 
movements in the central region of a strong earthquake. The in 
strumental equipment is essentially different in type from teleseismic 
equipment although the principles involved are the same. Strong- 
motion instruments are installed mostly in the urban areas of Cali 
fornia, and operate only when actuated by the movements of a strong 
earthquake.

The interpretation of strong-motion results is one of the duties 
assigned to the Bureau in connection with a broad cooperative pro 
gram of seismological research being carried out on the Pacific coast 
between the Bureau and a number of local organizations and institu 
tions interested in the engineering aspects of the earthquake problem. 
The details of this program are fully described in the Bureau's Special 
Publication No. 201, "Earthquake Investigations in California, 
1934-1935."

Preliminary reports on strong-motion results are issued in quarterly 
mimeographed bulletins and sometimes in special mimeographed 
reports. They appear in revised form in this publication because 
it provides a ready means of recording them in permanent form.



NONINSTRUMENTAL RESULTS

EARTHQUAKE ACTIVITY IN THE VARIOUS STATES

Arizona: Fairly strong earthquakes on January 2 and 10, and weak shocks 
on January 1, 3, 4, 5, and 15, October 27, and December 5.

California: A strong earthquake off Cape Mendocino on January 2. Moderate 
shocks on January 2, 3, and 23, February 23, March 3 and 7, May 10, June 19 
(two shocks), July 13, September 10 and 16, October 24 and 25, November 3, 
and December 19 and 25. In addition to these, the usual number of minor 
tremors were reported.

Canadian earthquake: A widely felt earthquake of intensity about IX centered 
at Timiskaming, Quebec, on November 1. There was little damage of conse 
quence in the United States. It was felt in Connecticut, Delaware, the District 
of Columbia, Illinois, Indiana, Iowa, Kentucky, Maine, Maryland, Massachusetts, 
Michigan, Minnesota, New Hampshire, New Jersey, New York, North Carolina, 
Ohio, Pennsylvania, Rhode Island, Vermont, Virginia, West Virginia, and Wis 
consin. A weak aftershock on the same date was felt in New York and Vermont, 
and another on the next day was felt in New York, Pennsylvania, and probably 
Massachusetts.

Connecticut: An explosion or a weak earthquake on August 9. Canadian 
earthquake of November 1 also felt.

Delaware: Nothing except the Canadian earthquake of November 1.
District of Columbia: Nothing except the Canadian earthquake of November 1.
Florida: Weak or moderate shocks on November 13 and 14.
Georgia: Moderate earthquake on the North Carolina border on January 1.
Idaho: Two weak earthquakes on October 31. In addition, the strong Montana 

earthquakes of October 18 and 31, and of November 28, were felt.
Illinois: Weak shock on January 5. Canadian earthquake of November 1 

also felt.
Indiana: Nothing except the Canadian earthquake of November 1.
Iowa: Weak shocks on January 5 and February 26. The Nebraska earthquake 

of March 1 and the Canadian earthquake of November 1 were also felt.
Kansas: Nothing except the Nebraska earthquake of March 1.
Kentucky: Nothing except the Canadian earthquake of November 1.
Maine: Slight shocks on January 14 and March 3. The Canadian earthquake 

of November 1 was also felt.
Maryland: Nothing except the Canadian earthquake of November 1.
Massachusetts: Weak earthquakes on January 30 and April 23. The Cana 

dian earthquake of November 1 and perhaps an aftershock the next day were 
also felt.

Michigan: Two slight earthquakes, the first about the middle of October and 
the second on October 30. The Canadian earthquake of November 1 was also 
felt.

Minnesota: Nothing except the Canadian earthquake of November 1.
Missouri: Nothing except the Nebraska earthquake of March 1.
Montana: Destructive earthquakes occurred at Helena on October 12, 18, 

and 31. There was also a strong shock on November 28. There were a few 
foreshocks and hundreds of aftershocks. In addition to the shocks in the neigh 
borhood of Helena there were other moderate earthquakes in Montana on March 
29, April 16, October 7, 21, 23, 30, and 31 (seven or eight shocks) and Novem 
ber 5.

Nebraska: Moderate to strong earthquake on March 1, and a weak one on 
March 22.

New Hampshire: Weak shock on September 12. The Canadian earthquake 
of November 1 was also felt.

New Jersey: Nothing except the Canadian earthquake of November 1.
New Mexico: Two fairly strong earthquakes, on February 20 and December 

21, and a large number of weak shocks, notably on January 17 and 19, and 
December 12, 14, 17, 18, 19, and 30.

5
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New York: Two slight earthquakes on January 28. The Canadian earthquake 
of November 1 and aftershocks on November 1 and 2 also were felt in New 
York. >

North Carolina: Moderate earthquake near the Georgia border on January 1. 
The Canadian earthquake of November 1 was also felt.

Ohio: Nothing except the Canadian earthquake of November 1.
Pennsylvania: Nothing except the Canadian earthquake of November 1 and 

the aftershock of November 2.
Rhode Island: Nothing except the Canadian earthquake of November 1.
South Carolina: Slight shocks on February 6 and October 20.
South Dakota: Weak earthquake on November 1.
Tennessee: A slight earthquake on July 23.
Utah: Weak earthquakes on May 29, June 4, July 9 (three shocks), October 5, 

November 6, and December 5 (one or two shocks).
Vermont: Nothing except the Canadian earthquake of November 1 and an 

aftershock on the same day.
Virginia: Slight earthquake on February 10. The Canadian earthquake of 

November 1 was also felt.
Washington: Weak earthquakes on February 6 and 16, July 9 and 24, October 

11, 24, and 31, and November 7. The strong Helena, Mont., earthquakes of 
October 18 and 31 also were felt.

West Virginia: Weak earthquake on November 1. The Canadian earthquake 
of same date was also felt.

Wisconsin: Nothing except the Canadian earthquake of November 1.
Wyoming: A weak shock on November 10. The Helena, Mont., earthquakes 

of October 18 and 31 were also felt.
Alaska: Moderate earthquakes occurred on January 22, April 9 (volcanic) and 

21, and August 14 (two) and 23. There was a volcanic eruption on July 14, but 
no earthquakes were reported. In addition, there were many minor tremors.

Hawaiian Islands: Moderate to strong earthquakes occurred on June 28 and 
September 30. There were moderate earthquakes on January 2, June 25, Septem 
ber 30, October 1 (two), and November 21. There were many weak.shocks of 
volcanic origin.

Puerto Rico: Weak shock occurred on August 29 and September 18.
Philippine Islands: Strong earthquakes occurred on January 8, February 1 and 

8, April 3 and 24, May 24, August 1, and October 15. There were moderate 
shocks on January 25, May 19, June 4, and September 1, and many minor shocks.

Panama Canal Zone:-There was a strong earthquake on November 29, and 
weaker ones on April 27, June 16, July 25, and December 11.

NORTHEASTERN REGION

[75th meridian or eastern standard time]

NOTE. For local earthquakes recorded at the H&rvard Seismological Station, see paper entitled "Local 
Earthquakes in New England" by Mary P. Collins, in the Bulletin of the Seismological Society of America, 
volume 27, no. 1, January 1937, page 41.

January 14: 20:15. Lewiston, Maine. Slight shock lasting 30 seconds.
January 28: Shortly after 1:00. Malone, N. Y. Slight shock, felt also in 

northern part of Franklin County. Many awakened by sharp rumble. Homes 
shook; pictures and dishes rattled; no damage reported.

January 28: 4:03.* Malone, N. Y. Slight local shock, felt also in northern 
part of Franklin County. Many awakened by sharp rumble. Homes shook; 
pictures and dishes rattled; no damage reported. Recorded on the Harvard 
seismograph.

January 30: 15:20.* Billerica, Mass. Tremors felt in vicinity of town, 
exact place not reported. Recorded on the Harvard seismograph.

March 3: 21:40. Eastport, Maine. Two slight shocks lasting about 5 
seconds. Rumbling sounds.

April 23: 20:24.* Weak shock off Cape Cod. Epicenter 42° 10' north, 
70°13' west, according to an article, "The Provincetown, Massachusetts, Earth 
quake of April 23, 1935, and Data for Investigating New England's Seismicity", 
by L. D. Leet, Proceedings of the National Academy of Sciences, volume 21, no. 6, 
(June 1935), page 308. IV at Provincetown, Race Point Coast Guard Tower, 
and Truro, Mass.; Ill and under at Cahoon's Hollow Coast Guard Station and 
Wellfleet, Mass.; not felt at Annisquam, Beverly Farms, Cohasset, Eastham, 
Gloucester, Hull, Ipswich, Manomet Point, Marblehead, Marshfield, Nahant, 
Nanset, Orleans, Pamet River, Sandwich, or Yarmouth, Mass. (Early press 
reports that the shock was felt in Gloucester, Mass., could not be verified.)
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August 9: Between 2:30 and 3:00. New London, Conn. "Terrific explosion 
or earthquake." Not felt at Hartford, Conn.

September 12: 22:49.* Concord, N. H. Distinct shock felt in the north end 
of Concord and outlying towns.

November 1: 1:04.* Timiskaming, Canada, earthquake. Felt generally 
over the northeastern United States and in Canada. Epicenter near Timiskaming, 
Quebec, Canada, at about 46°47' north, 79°04' west, according to the "Pre 
liminary Report of the Earthquake of November 1, 1935", published by the 
Dominion Observatory at Ottawa, Canada. The depth of focus is believed to 
have been normal or very slightly greater.

The earthquake was felt over an area of nearly 1,000,000 square miles in the 
United States and Canada. The map facing page 8 shows the intensity distribu 
tion in the United States. A report for Canada is in preparation at the Dominion 
Observatory.

In the epicentral region the damage was relatively slight, largely because of 
the sparsity of population. Cracks were found in gravel, sand, and soft earth, 
but none in bedrock. A severe rock slide occurred on the railroad near Parent, 
Quebec, but it is believed by Dr. E. A. Hodgson, who surveyed the region and 
prepared the preliminary report for the Dominion Observatory, that the slide 
was about to go anyway and that the earthquake merely acted as a trigger force 
to start it.

INTENSITIES IN CANADA:
A few reports have been received from scattered localities in Canada in addition 

to the report of the Dominion Observatory mentioned above, but these are 
omitted in the present report. This information is expected to be covered in 
detail in the final report of the Dominion Observatory.

INTENSITY VI IN NEW YORK:
Cortland. Rocking and swaying motion began rapidly. Felt by many; many 

alarmed. Bricks loosened from old chimneys; 100 square feet of plaster fell 
from Y. W. C. A. Stacks of steel conduits collapsed and tore out part of building. 
One crack in made ground. Pendulum clocks stopped.

INTENSITY V IN NEW YORK:
Albany. Bumping, then east-west wave motion, began abruptly. Felt by 

most; most alarmed. Distinct swaying of houses and trees; objects displaced; 
steam pipe jarred out of place; three filing cabinets spilled contents on floor of 
State office.

Amsterdam. Trembling motion began gradually; two shocks. Felt by many; 
many alarmed. Rattling sounds; some plaster fell; lights flickered. Damage 
slight.

Attica. Trembling motion began gradually and lasted 1 or 2 minutes. Popu 
lation alarmed. Buildings swayed slightly; plaster cracked slightly in some brick 
buildings.

Baldwinsville. Trembling and swaying east-west motion began rapidly; three 
shocks. Felt by several; people were alarmed but not panic-stricken. Pendulum 
clock stopped. Building damage slight.

Bath. Swaying east-west motion began gradually and was felt by several. 
Building swayed; window broke; several chimneys fell.

Brooklyn. Trembling and swaying motion began gradually and lasted 20 
seconds. Felt by many; few alarmed. Pictures, mirrors, and beds vibrated. 
Fissures in 25 buildings.

Buffalo. Trembling motion began abruptly and lasted \% minutes. Many 
alarmed. Ceilings and sidewalk cracked; some plaster on walls cracked; chandelier 
fell.

Camden. Swaying motion began abruptly; three shocks. Felt by many; 
few alarmed. Hanging objects swung; pendulum clock stopped. Plaster cracked.

Cincinnatus. Rocking motion began rapidly; two shocks a few seconds apart 
felt by many; many alarmed. Flower vase overturned; windows broken in 
several houses; slight damage to buildings.

Fort Edward.  Trembling motion began abruptly. Felt by many; many 
alarmed. Objects disturbed.

Glens Falls. Many windows broke.
Gloversville. Swaying and trembling motion began gradually. Felt by large 

proportion of population; many left homes. Furniture swayed and rattled; 
windows broke; chimney bricks fell.
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Gouverneur. Trembling and bumping motion began gradually; several shocks. 
Felt by practically all; general alarm. Rumbling and whistling sounds; objects 
displaced north; pendulum clock stopped.

Herkimer. Rolling motion felt by 90 percent of the population; some rushed to 
streets. Electric refrigerator moved.

Hunter. Rapid bumping north-south motion began rapidly; probably two 
shocks. Felt by quite a few. Walls cracked very slightly. Very slight damage.

Ithaca.  Rocking and swaying motion began rapidly. Felt strongly on the 
delta, less on adjacent hills. Furniture moved mostly north-south; walls on 
alluvium cracked; pendulum mantel clocks stopped. Two or three cracked build 
ings reported.

Johnstown. Residents ran into streets. Window displays disarranged. 
Malonc. Trembling, bumping, and swaying motion began abruptly and was 

felt by 95 percent of population; general alarm. Objects swayed on east-west 
walls. Slight damage to buildings.

Montour Falls. Slight damage to buildings.
Mt. Morris. Trembling motion began rapidly and was felt by 90 percent of 

populalion; general alarm. Furniture moved northeast-southwest. Damage to 
buildings very slight.

Moira. Shock began abruptly. Fell by about half of population. Four-inch 
cracks in roads; slight building damage.

North Norwich. Number of henhouse windows broken.
Norwich.  Swaying north-south motion began rapidly. Felt by many; many 

alarmed; several thrown from beds. Furniture moved; pendulum clock stopped. 
Plaster slightly cracked.

Ogdensburg. Trembling motion began gradually and lasted 2 minutes. Felt 
by 2.") percent of the population; many frightened. Old chimneys tumbled over; 
building damage, slight.

Oneonta. Bumping and trembling motion began abruptly; lasted less than I 
minute. Felt by half of population: general alarm. Damage to telephones.

Oswego. Swaying east-west motion lasted 2 minutes. Felt by many; many 
left homes. Buildings swayed; objects swung northeast-southwest; twenty-inch 
water main broke: animals disturbed.

Oxford. Trembling motion began rapidly and was felt by many. Pendulum.' 
clock stopped. Plaster slightly cracked; damage to buildings slight.

Palatine Bridge. Five people shaken from chairs; one man thrown to ground.
Pine Valley. Many left shaking homes. Articles fell.
Platlsburg. Trembling east-west motion began rapildy; two shocks lasting 

1 minute. Felt by many; many alarmed. Plaster fell from ceilings; street 
signs fell.

Poland. Rocking motion; two shocks. Felt by 90 percent of population. 
Plaster slightly cracked; chickens disturbed.

Port Jcrvis. Swaying motion began abruptly and was felt by many. Pen 
dulum clocks stopped. Walls slightly cracked; damage to buildings slight.

Potsdam. Bumping motion began gradually; two shocks. Felt by many; 
many left homes. Furniture shook; chimneys fell. Building damage slight.

Queens Village. Much excitement. Pictures fell; very minor damage.
Richland. Swaying and trembling east-west motion began abruptly. Felt 

by many; many left homes. Dishes broke; window glass damaged. Chimney 
cracked. Building damage slight.

Rome. Lasted 30 seconds. Long-distance telephone lines out of order.
Syracuse. Swaying cast-west motion began rapidly. Felt by many; some 

left homes; woman injured. Dishes broke; plaster cracked; pendulum clocks 
stopped.

Tonairanda. Trembling motion began abruptly; two shocks. Felt by many; 
few alarmed. Objects disturbed; structural damage slight.

Tapper Lake. Bumping and swaying motion felt by 50 percent of population; 
many alarmed. Buildings swayed slightly; cement blocks cracked in building 
under construction.

Warsaw. Swaying motion began rapidly; two shocks. Felt by 50 percent of 
population. Many pendulum clocks stopped; small cracks in plaster.

Watertown. Trembling motion; two or three shocks. Felt by many; hundreds 
ran into streets. Box about 12 x 20 x 30 inches high tipped over; plaster cracked 
and fell; some chimneys fell.
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INTENSITY V IN MICHIGAN:
Alpena. Trembling, southeast-northwest swaying motion began rapidly; 

felt by most. Dishes were broken; chimney fell; concrete floor cracked. Damage 
slight.
t Hillman. Trembling and rocking motion began rapidly. Felt by several; 
general alarm. Surface sounds; chandelier swung; very slight damage.

Mount Clemens. Trembling motion began abruptly and was felt by 10 percent 
of population. Small objects disturbed, or fell from ledges. Plaster on a few 
old walls cracked.

Pellston. Back-and-forth east-west motion began gradually. Observed by 
greater portion of population; many alarmed. Clocks chimed; hanging objects 
swung east-west. Objects fell southeast. Chimneys had to be rebuilt or repaired.

Port Huron. Swaying motion lasted 2 minutes. Observer awakened. Objects 
disturbed; three windows broken.

INTENSITY V IN VERMONT:
Bennington. Swaying north-south motion began gradually; four slight shocks. 

Felt by many. Windows rattled; stairs creaked; rocking chair rocked; some 
cracks in walls.

Brattleboro. Shaking motion began abruptly; three shocks lasted 1 minute. 
Felt by many. Bed shook; plaster cracked.

St. Johnsbury. Two shocks of trembling and rocking north-south motion felt 
by most of the population; many alarmed. Beds shook; windows and dishes 
rattled; door and light globe swung north-south.

White River Junction. Swaying north-south motion was felt by family of six. 
Water in radiators swished.

INTENSITY V IN PENNSYLVANIA:
Kane. Trembling and swaying motion began abruptly and was felt by many. 

Foundation wall in one building cracked.
Kingston. Water mains broke in several sections of town. 
Merion. Broke windows.

INTENSITY V IN OHIO:
Akron. Trembling southwest-northeast motion began gradually; two shocks. 

Felt by many; few alarmed. Furniture moved. Small ornament toppled from 
theater building; floor cracked slightly. Slight damage to a few buildings.

Centerburg. Trembling' motion began abruptly; two shocks felt by many. 
Door knob trembled; building damage slight.

Walhonding. Swaying north-south motion began abruptly and was felt by 
several. Pendulum clock stopped. Walls cracked, chimneys damaged. Build 
ing damage slight.

INTENSITY V IN NEW HAMPSHIRE:
Keene. Shaking motion felt by large number of people; great alarm in tall 

buildings. Bell rung; objects disturbed.
West Manchester. Trembling and short quick swaying north-south motion 

began rapidly; two shocks. Felt by many; many alarmed.
Woodsville. Swaying motion lasted three seconds and was felt by most of 

population. Objects disturbed. Small cracks in brick building. Very little 
damage.

INTENSITY V IN MASSACHUSETTS:
Cheshire. Rocking and swaying motion began rapidly; two shocks. Felt by 

95 percent of population; a few instances of great alarm. Objects disturbed. 
Hanging objects swung north-south; pendulum clocks stopped.

INTENSITY V IN CONNECTICUT:
Cornwall.  Rocking and swaying east-west motion began rapidly; one or two 

shocks. Felt by seven-eighths of the population. Building damage slight, several 
window panes cracked.

INTENSITY V IN NEW JERSEY:
Hackensack. Swaying east-west motion began rapidly and lasted 10 seconds. 

Felt by many; many panic-stricken. Buildings shook; pictures knocked awry; 
dishes fell; lights swayed from east to west.

Haddonfield. Windows broke.
Morristown. People left homes. Dishes and glassware fell.
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Newark. Trembling motion began rapidly; two shocks. Many left houses. 
Windows and china closet on west side of house trembled. Foundation of house 
cracked; house tilted against neighboring house.

INTENSITY V IN RHODE ISLAND: 
Cranston. Crack in cellar wall.
Intensity IV in New York: Akron, Alexandria Bay, Alfred, Andover, Angelica, 

Arcade, Auburn, Au Sable Forks, Avon, Babylon, Batavia, Belfast, Belmont, 
Benson Mines, Binghamton, Bombay, Boonville, Bridgehampton, Brockport, 
Caledonia, Canandaigua, Canisteo, Canton, Cape Vincent, Carthage, Catskill, 
Central Square, Chatham, Chautauqua, Clayton, Cobleskill, Cooperstown, 
Corning, Croghan, Cuba, Dannemora, Dunkirk, Earleville, East Rochester, 
Edmeston, Edwards, Elmira, Fishkill, Franklinville, Fredonia, Genoa, Glerifield, 
Goshen, Greenpoint, Half moon, Hamburg, Hammondsport, Homer, Hornell, 
Ilion, Jamaica, Jamestown, Jeffersonville, Kendall, Kill Buck, Kingston, Lake 
Placid, Lake Pleasant, Lewiston, Little Falls, Little Valley, Livonia, Lockport, 
Lowville, Lyon Mountain, Lyons, Mannsville, Massena, Matteawan, Medina, 
Middlesex, Morrisville, Newark, New Berlin, New Hackensack, New Hamburg, 
New Rochclle, New York, Niagara Falls, Nineveh, Niverville, North Creek, 
Norwood, Old Forge, Olean, Oneida, Penn Yan, Pittsford, Port Chester, Pough- 
keepsie, Pulaski, Race Rock Light Station, Raquette, Red House, Remsen, 
Richfield Springs, Richmondville, Riverhead, Rochester, Roxbury, Sackets 
Harbor, Salamanca, Sammonsville, Saranac Lake, Scarsdale, Schenectady, 
Schoharie, Seneca Falls, Smyrna, Spencerport, Sterling Station, Summerville, 
Summount, Ticonderoga, Troy, Utica, Wampsville, Waterloo, Wayne, Williams- 
ville, Winthrop, Yonkers. Upperville (?).

Intensity IV in Michigan: Alba, Bad Axe, Bay City, Boyne City, Brimley, 
Caro, Cheboygan, Crosswell, Crystal Falls, Dighton, East Lansing, Escanaba, 
Gladstone, Harrison, Hillsdale, Indian River, Lachine, Le Roy, Manistee, Marine 
City, Marquette, Mesick, Negaunee, Newberry, Onaway, Otter Lake, Oxford, 
Palms, Petoskey, Port Austin, Rudyard, Saginaw, Sault Sainte Marie, Sebewaing, 
Smiths Creek, Tawas, Traverse City, Trout Lake, Vanderbilt, Wetmore, Wolver- 
rine.

Intensity IV in Vermont: Barre, Barton, Bellows Falls, Bethel, Bondville, 
Bradford, Bristol, Burlington, Cambridge, Castleton, Derby Line, Dorset, East 
Berkshire, Enosburg Falls, Essex, Essex Junction, Ludlow, Manchester, Middle- 
bury, Montpelier, Newport, Northfield, Pittsford, Rutland, Stowe, Swanton, 
Waterbury, Wells River, Williamstown, Windsor, Woodstock.

Intensity IV in Pennsylvania: Bradford, Brockway, Canton, Corry, Couders- 
port, DuBois, Emporium, Erie, Foxburg, Franklin, Galeton, Greenville, Hazel- 
hurst, Homestead, Honesdale, Huntingdon, Kittanning, Laceyville, Ligonier, 
Linesville, Ludlow, McClellandtown, McKeesport, Mahoningtown, Mauch 
Chunk, Meadville, Monroeton, Mount Jewett, Palmerton, Philadelphia, Port 
Allegany, Reading, Renovo, Saltsburg, Sayre, Scranton, Sharon, Shickshinny, 
Smithport, Stoneboro, Stroudsburg, Susquehanna, Tionesta, Titusville, Towanda, 
Union City, Watsontown, Wellsboro, Wilcox, Wilkes-Barre, Williamsport, Wysox. 
Olean (?).

Intensity IV in Ohio: Andover, Ashtabula, Canton, Cleveland, Clinton, 
Columbus, Coshocton, Creson, Dennison, Dover, Dunkirk, Elyria, Fremont, 
Hudson, Leetonia, Mansfield, Massillon, Minerva, Norwalk, Sherrodsville, 
Toledo, Upper Sandusky, Wapakoneta, Washington Court House, Wellington, 
Zanesville.

Intensity IV in New Hampshire: Claremont, Colebrook, Conway, Groveton, 
Hanover, Hinsdale, Laconia, Lebanon, Lee, Lincoln, Littleton, Manchester, 
Peterborough, Plymouth, Rochester, Whitefield, Winchester, Wolfeboro.

Intensity IV in Massachusetts: Adams, Boston, Charlemont, Clarksburg, 
Framingham, Greenfield, North Adams, Northampton, Pittsfield, South Vernon, 
Springfield, Warren.

Intensity IV in Maine: Alfred, Bangor, Portland, St. Francis, Waterville.
Intensity IV in Connecticut: Baltic, Bethel, Canaan, Hartford, Manchester, 

New Hayen, Norwalk, Saybrook, Southington, Winsted.
Intensity IV in West Virginia: Moundsville, Wheeling.
Intensity IV in New Jersey: Asbury Park, Barnegat, Camden, Dover, Hamburg, 

Hoboken, Jersey City, Monmouth, Trenton.
Intensity IV in Maryland: Chestertown.
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Intensity IV in Rhode Island: Block Island, Providence, Woonsocket.
Intensity IV in Delaware: Townsend.
Intensity III and under in New York: Albion, Andes, Ballston Spa, Belvidere, 

Bolivar, Cairo, Candor, Carmel, Castle Point, Cayuga, Chenange Forks, Clinton, 
Cranberry Lake, Delhi, Dolgeville, East Greenbush, Eastport, Fine, Freeville, 
Greenport, Grove, Haverstraw, Hempstead, Hinckley, Horseheads, Hudson Falls, 
Lake George, Middletown. Millerton, Mt. Vernon, Palenville, Peekskill, Port 
Henry, Port Jefferson, Rexville, Rouses Point, Rushville, Sag Harbor, Saratoga 
Springs, Saugerties, Silver Springs, Sodus Point, Wappingers Falls, Waverly.

Intensity III and under in Michigan: Albion, Alexander, Alma, Almont, Amasa, 
Ann Arbor, Atlanta, Baldwin, Bear Lake, Beaverton, Bellaire, Benton Harbor, 
Benzonia, Big Rapids, Cadillac, Carson City, Caseville, Cedar Springs, Channing, 
Charlevoix, Chelsea, Chesaning, Clifford, Coldwater, Coleman, Detroit, Elk 
Rapids, Elmira, Farwell, Fenton, Fountain, Flint, Frankfort, Gladwin, Glen 
Haven, Grand Haven, Grand Ledge, Grand Marais, Grindstone City, Grayling, 
Hamilton, Harbor Beach, Harrieta, Hastings, Holland, Honor, Iron Mountain, 
Iron River, Ishpeining, Jackson, Kalamazoo, Kinde, Lake Arm, Lapeer, Leland, 
Leslie, Lewiston, Lincoln, Ludington, Luther, Mackinaw, Mancelon, Manchester, 
Marion, Marshall, Mikado, Milan, Milford, Minden City, Montague, Munising, 
Muskcgon, National Mine, Niles, Norway, Otsego, Owendale, Pentwater, Pin- 
conning, Plymouth, Portland, Presque Isle, Republic, Rochester, Rogers City, 
Rose City, Shelby, St. Helen, St. Louis, Southbranch, South Haven, South Lyon, 
Sparta, Thompsonville, Tower, Tj'tica, Vassar, Vicksburg, \\"ayne, Weideman, 
West Branch. White Cloud, Whitefish, \\"hite Pigeon, Whittemore, east section 
of Barry County.

Intensity III and under in Vermont: Chelsea, Chester, Danville, Fair Haven, 
Island Pond, Londonderry, Milton, Poultney, Richford, Rochester, Victory, 
Wallingford, Wilniington, Winooski.

Intensity III and under in Pennsylvania: Allentown, Altoona, Ambridge, 
Antrim, Ashland, Athens, Bellefonte, Belleville, Bellwood, Bessemer, Bristol, 
Brookville, Carbondale, Clermont, Coatesville, Connellsville, Costello, Cresson, 
Delaware Water Gap, Delta, Dunmore, Freeport, Girard, Hanover, Hazelton, 
Indiana, Johnsonburg, Kinzua, Lakeville, Latrobe, Lewistown, Lock Haven, 
Masontown, Mercer, Milroy, Monongahela, Oil City, Philipsburg, Pittsburgh, 
Pottsville, Ridgway, State College, Thompson, Tremont, Tunkhannock, Tyre, 
Tyrone, Ulysses, Warren, Yatesboro, York.

Intensity III and under in Ohio: Alliance, Alvordton, Archbold, Ashland, Baton, 
Bellefontaine, Bellville, Beverly, Bowerston, Bryan, Burton, Cadiz, Cambridge, 
Chardon, Cincinnati, Clyde, Conneaut, Crestline, Finance, Delaware, Deshler, 
Dresden, Ellsworth, Franklin, Fredericktown, Hubbard, Huron, Ironton, Jackson, 
Jefferson, Kingsfield, Kinsman, Leetonia, Lima, Logan, Lorain, Malta, Man 
chester, Mariemont, Marietta, Marysville, Maumee, Millersburg, Montpelier, 
Mt. Vernon, Napoleon, Newark, Niles, Oberlin, Orrville, Ottawa, Philo, Plymouth, 
Ravenna, Salineville, Sidney, Spencerville, Springfield, Tiffin, Vermilion, Ver 
sailles, Warren, Wauseon, Waverly, Westerville, Willoughby, Woodsfield, Wooster, 
Youngstown.

Intensity III and under in New Hampshire: Berlin, Bristol, Concord, Contoo- 
cook, Dover, Farmington, Franklin, Gorham, Hooksett, Lancaster, Lisbon, 
Marlboro, Milford, Newbury, Newport, North Stratford, Panacook, Seabrook, 
Tilton, Wilton, Woodstock.

Intensity III and under in Massachusetts: Ashley Falls, Athol, Attleboro, 
Beverly, Brockton, Cambridge, Chatham, Concord, Fall River, Fitchburg, 
Great Barrington, Holyoke, Hyannis, Lanesboro, Lee, Lenox, Lowell, Maiden, 
Marlboro, Naritucket, Newburyport, Plymouth, Provincetown, Stockbridge, 
Taunton, Walpole, Westfield, Williamsburg, Williamstown, Woods Hole, Wor 
cester, Winchester, Winchendon.

Intensity III and under in Maine: Auburn, Augusta, Bar Harbor, Bath, Belfast,. 
Bethel, Bowdoinham, Bridgeton, Canton, Castin, Churchill Lake, Farmington, 
Fort Fairfield, Fort Kent, Gardiner, Gilead, Hallowell, Harmony, Hartland, 
Hudson, Island Falls, Jackman, Kingfield, Jonesboro, Lewiston, Machiasport, 
Millbridge, Rockland, Saco, Searsport, Skowhegan, South Berwick, South Paris, 
Springvale, Stratton, Togus, Van Buren, Westbrook, Winterport, Winthrop.

Intensity III and under in Connecticut: Ansonia, Litchfield, Meriden, Norwich, 
Sevmour, Stamford, Storrs, Vernon, Waterburv, Willimantic.

Intensity III and under in Wisconsin: Appleton, Ashland, Black River Falls, 
Cable, Chippewa Falls, De Pere, Florence, Fond du Lac, Green Bay, lola, Janes- 
ville, La Crosse, Madison, Manitowoc, Marinette, Mattoon, Medford, Milwaukee,
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Oconto, Pembine, Plymouth, Richland Center, Shawano, Sheboygan, Sparta, 
Sturgeon Bay, Tomahawk, Wabeno, Wausau.

Intensity III and under in West Virginia: Charleston, Olendenin, Fairmont, 
Parkersburg, Ravenswood, Sutton, Wellsburg.

Intensity III and under in New Jersey: Atlantic City, Atlantic Highlands, 
Barnegat City, Belvidere, Cape May, Chester, Elizabeth, Elmer, Freehold, 
Glassboro, Haddon Heights, Hammonton, Hightstown, Jamesburg, Lakehurst, 
Long Branch, Mount Holly, New Brunswick, Ocean City, Paterson, Perth 
Amboy, Plainfield, Sandy Hook, Sea Girt, Sea Isle City, Somers Point, Toms 
River, Vineland, Whiting.

Intensity III and under in Indiana: Decatur, Elkhart, Fort Wayne, Goshen, 
Huntington, Kokorno, La Crosse, Madison, Marion, Peru, Redkey, Richmond, 
South Bend, Warsaw.

Intensity III and under in Maryland: Annapolis, Baltimore, Bel Air, Cumber 
land, Frederick, Hancock, Havre de Grace, Laurel, Westminster.

Intensity III and under in Rhode Island: Pawtucket.
Intensity III and under in Virginia: Alexandria, Culpeper, Richmond.
Intensity III and under in Delaware: Delaware City, Dover, Milford, Red 

Lion, Smyrna.
Intensity III and under in the District of Columbia: Washington.
Intensity III and under in Illinois: Chicago.
Intensity III and under in Kentucky: Fort Mitchel, Prestonburg.
Intensity III and under in Iowa: Dubuque.
Intensity III and under in Minnesota: Minneapolis.
Intensity III and under in North Carolina: Louisburg.
Intensity doubtful in New York: Gotham, Oak Island Beach, Woodhull.
Intensity doubtful in Massachusetts:
Massachusetts Shore. High seas kicked up by quake reported by craft offshore.
Wellesley. One man hurled out of bed.
Intensity doubtful in Wisconsin: Cumberland.
Not felt in New York: Amagansett, Arkville, Mayville, McKeever, Moreau.
Not felt in Michigan: Allouez, Bango, Bentley, Bessemer, Blissfield, Calumet, 

Cassopolis, Centerville, Champion, Chassell, Copemish, Curtis, Dowagiac, 
Eagle River, Fremont, Gaastra, Gay, Hancock, Houghton, Interlochen, Kewee- 
naw Bay, Lake Linden, Lake Odessa, Lawton, Marenisco, McMillan, Mears, 
Merriweather, Michigamme, Northland, Ontonagon, Orleans, Rapid River, Red- 
ridge, Reed City, Rockland, Sagola, Shingleton, Sidnaw, Soo Junction, Spring- 
port, Stanton, Sturgis, Three Rivers, Trenary, Trenton, Trout Creek, Whitehall, 
Williamston.

Not felt in Pennsylvania: Audenried, Berlin, Blairsville, Branchton, Chambers- 
burg, Clarion, Confluence, Driftwood, Ebensburg, Fairchance, Falls Creek, 
Gettysburg, Grassflat, Hollidaysburg, Hydman, Laporte, Lawrence, Martins- 
burg, Middletown, Mill Hall, Mt. Pleasant, Nanticoke, Orbisonia, Ralston, 
Shamokin, Sinking Spring, Slate Run, Somerset, Tamaqua, Tarentum, Union 
Dale, Uniontown, Washington, Wharton, Williamstown.

Not felt in Ohio: Anna, Antwerp, Athens, Bellaire, Belmont, Bettsville, Blufton, 
Bowling Green, Brookville, Carey, Chillicothe, Coldwater, Delphos, Eaton, 
Edison, Fcstoria, Fultonham, Galion, Gallipolis, Greenfield, Hillsboro, Hiram, 
Holgate, Huntsville, Kenton, Lancaster, La Rue, McArthur, Middletown, 
Minster, New Bremen, Peoria, Phalanx, Port Clinton, Put-in-Bay, Ripley, 
Sandusky, Tippecanoe City, Tontogany, Troy, Vickery, Wilmington, Putnam 
County.

Not felt in New Hampshire: Bennington, Portsmouth, Windham Depot.
Not felt in Massachusetts: Aver, Barnstable, Gloucester, Lawrence, New Bed 

ford, Newton, Rockport, Southbridge, State Line, Webster, Wellfleet.
Not felt in Maine: Albion, Ashland, Bemis, Berwick, Blue Hill, Bridgewater, 

Bucksport, Burnham, Caribou, Carrabassett, Centerville, Corina, Danforth, 
Dennysville, Dexter, Dover-Foxcroft, Eastport, Ellsworth, Eustis, Greenville, 
Grindstone, Harrison, Houlton, Jemptland, Jonesport, Kathadin Iron Works, 
Kennebunkport, Livermore Falls, Machias, Mechanic Falls, Milford, Milltown, 
Monson, Moosehead, New Sweden, Northfield, Orneville, Patten, Presque Isle, 
Richmond, Rockport, Sherman, Strong WThitneyville, Wiscasset.

Not felt in Connecticut: Danielson, East River, Jewett City, New London, 
Plainfield, Putnam, Stonington, Torrington.

Not felt in Wisconsin: Abbotsford, Alien Grove, Antigo, Arlington, Bancroft, 
Boulder Jet., Brillion, Brodhead, Burlington, Burnett, Cameron, Cassville,
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Cedarburg, Crivitz, Darlington, Dodgeville, Durand, Eagle River, Eau Claire, 
Poland, Elkhorn, Elroy, Evansville, Fennimore, Fifield, Forestville, Gagen, 
Gordon, Hancock, Hayward, Heafford Junction, Hilbert Hudson, Hurley, 
Iron River, Jefferson, Kenosha, Kewaunee, Ladysmith, La Farge, Lancaster. 
Laona Junction, Linden, Lone Rock, Marengo, Marshfield, Mason, Meadow 
Valley, Mcllen, Milton, Minocqua, Monroe, Neccdah, New Glarus, New Lon 
don, New Richmond, Oconto Falls, Oshkosh, Park Falls, Phelps, Flullips, Pitts- 
ville, Platteviile, Portage, Port Washington, Prairie du Sac, Prentice, Racine, 
Redgranite, Rib Lake, Ridgeland, Ripon, Sauk City, Spooner, Starlake, Superior, 
Three Lakes, Tomah, Trego, Turtle Lake, Viroqua, Washburn, Watertown, 
Waukesha, Waupaca, West Bend, Weyerhauser, Williams Bay, Winneconne, 
Winter, Wisconsin Rapids, Wrightstown, Wisconsin Dells.

Not felt in West Virginia: Charlcstown, Clarksburg, Grafton, Grantsville, 
Hamlin, Hinton, Huntington, Huttonsville, Littleton, Mortensburg, Orlando, 
Paw Paw, Petersburg, Point Pleasant, Richwood, Ripley, West Union, Windfield,

Not felt in New Jersey: Bivalve, Brigantine, PJgg Harbor, Gloucester City, 
Holly Beach, Lambertvifle, Manahawkiu, Mays Landing, Millville, Montclair, 
Ocean Grove, Passaic, Phillip&burg, Pleasantville, Red Bank, Salem, Sussex, 
Tuckerton, Union City.

Not felt in Indiana: Albion, Angola, Bedford, Bloomington, Bluffton, Brook- 
ville, Brownstown, Cambridge, Columbus, Crawfordsville, Danville, Elnora, 
Elwood, Frankfort, Franklin, French Lick, Greensburg, Jeffersonville, Kendall- 
ville, Indianapolis, LaFayette, Lawrenceburg, Lebanon, Logansport, Lynn, 
Michigan City, Muncie, Osgood, Rochester, Rockville, Rushville, Salem, Sey 
mour, Shclbyville, Templeton, Terre Haute, Wabash, Worthington.

Not felt in Maryland: Brandywine, Cambridge, Centerville, Easton, Ellicott 
City, Mechanicsville, Oakland, Ocean City, Odenton, Princess Anne, Queens- 
town, Salisbury, Thurmont, Montgomery County, Prince Georges County.

Not felt in Rhode Island: Bristol, Kingston, Narragansett Pier, Newport 
Warren.

Not felt in Virginia: Accomac, Bristol, Cape Charles, Covington, Doswell, 
Elktfon, Goshen, Hot Springs, Lynchburg, Manassas, New Market, Newport 
News, Petersburg, Quantico, Staunton, Strasburg, West Point, Winchester, 
Fairfax County.

Not felt in Delaware: Clay ton, Farmington, Frankford, Georgetown, Seaford, 
Wilmington.

Not felt in Illinois: Aurora, Bloomington, Chrisman, Clinton, Danville, De- 
catur, De Kalb, Effingham, F^lgin, Fairfield, Freeport, Galesburg, Gibson City, 
Gilman, Joliet, Litchfield, Mattoon, Moline, Mt. Vernon, Nelson, Peoria, Quincy, 
Rockford, Shelbyville.

Not felt in Kentucky: Bowling Green, Carter, Central City, Danville, Eliza- 
bethtown, Frankfort, Lancaster, Lebanon, Louisville, Winchester.

Not felt in Iowa: Algona, Atlantic, Chariton, Charles City, Creston, Daven 
port, Des Moines, Fort Dodge, Grinell, Iowa City, Iowa Falls, Manchester, 
Mount Pleasant, Ossian, Ottmnwa, Sheldon, Sioux City, Spencer, Waterloo.

Not felt in Minnesota: Adrian, Aitkin, Albert Lea, Alexandria, Anoka, Ap- 
pleton, Aurora, Austin, Barnesville, Bayport, Belleplaine, Bemidji, Benson, Bird 
Island, Blue Earth, Breckenridge, Chisholm, Cloquet, Crosby, Detroit Lakes, 
East Grand P'orks, Ely, Eveleth, Fergus Falls, Hastings, Hopkins, Hutchinson, 
International Falls, Kcewatin, Little Falls, Luverne, Mankato, Marshall, Monte 
video, New Ulm, Owatonna, Red Wing, Winona.

There were many aftershocks, most of them too weak to be felt outside of the 
immediate neighborhood of the epicenter.

November 1: 1:30. Weak shock reported from Richmondville, N. Y., and 
Montpelier, Vt. Doubtless an aftershock of the Timiskaming earthquake at 1:04.

November 2: 9:32.* Another aftershock, stronger than the preceding. Re 
ported felt at Kitchener, North Bay, Owen Sound, and Toronto in Canada; at 
Buffalo, New York, and Rochester in New York; at State College in Pennsyl 
vania; and at Sudbury (probably Massachusetts) and Peterboro (probably 
Ontario, possibly New York).

EASTERN REGION

[75th meridian or eastern standard time]

January 1: 3:15. Border of Georgia and North Carolina, V. Felt over an 
a-rea of nearly 7,000 square miles. See map, page 15. The map is reproduced 
from a report published by G. W. Crickmay arid Lane Mitchell, in the bulletin 
of the Sei?mological Society of America, vol. 25, no. 3 (July 1935), page 247.
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According to the authors "The epiccntral region appears to lie between Topton, 
N. C., and Hiawasee, Ga., and occupies 549 square miles. In this area some 
objects were displaced, alarm was felt, and almost half of the residents were 
awakened." "The position of the epicenter was approximately 35°07' N., 
83°38' W." The area was canvassed for information by the Geological Survey 
division of the Georgia Department of Forestry and Geological Development. 
Further data on the earthquake and on the geology of the region will be found 
in the report itself.

INTENSITY V IN GEORGIA:
Dahlonega. "Windows were shaken out."
IliawaRsee. Loud roaring. Some dishes broken.
Neds Gap. Lumber stacked against a wall was shaken down.
Young Harris. Felt, no details.

INTENSITY V IN NORTH CAROLINA:
Almond. Slight damage to light structural parts of buildings.
Franklin. Unstable objects overturned.
Gay. Plaster on walls cracked slightly. Slight damage to buildings.
Shooling Creek. Window shaken from frame.
Intensity IV in Georgia: Blue Ridge, Cleveland, Ellijay.

36°  

34"
84°

PIGURE 3. Isoseismal map of the Southern Appalachian earthquake of January 1, 1935, based on original 
map by O. \V. Crickmay and L. Mitohell.

Intensity IV in North Carolina: Aquone, Brasstown, Bryson City, Cherokee, 
Franklin, Hayesvillc, Marble, Murphy, Otto, Robbinsville, Tomotla, Topton, 
Wesser, Wests Mill, Whittier.

Intensity IV in Tennessee: Copperhill.
Intensity III and under in North Carolina: Andrews, Cullasaja, Etna.
Not felt in Georgia: Chatsworth, Clarkesvillc, Clayton, Cleveland, Cornelia, 

Dawsonville, Hemp, Jasper, lloyston.
February 6: 7:36. Summerville, S. C. Very loud "boom" felt by many.
February 10: 18:45. Petersburg, Va. Gradual tremor lasting about 10 

minutes felt by few. Windows rattled; no alarm.
October 20: 11:20. Summerville, S. C. Abrupt bump ending in slight 

trembling felt by many.
November 1: 3:30. Elkins, W. Va., V. Three trembling shocks lasting about 

30 seconds each felt by several. Houses trembled; windows and dishes rattled; 
rocking chair facing east rocked; no damage.

November 13: 22:30. St. Augustine, Fla. Two brief tremors, the second 
more severe; felt also in Palatka. People hurried into streets; no damage.

November 14: 23:10. Palatka, Fla. Two shocks felt by many; second shock 
more severe. Windows rattled; no damage.

CENTRAL REGION

[90th meridian or central standard timel

January 5: 24:40. Davenport, Iowa; Moline and Rock Island, 111. Two 
distinct shocks felt by several. Dishes rattled in cupboard; shook windows; no 
damage.
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February 26: 8:15. Burlington, Iowa. Two abrupt trembling shocks 
accompanied by rattling; no damage.

March 1: 5:00. Nebraska. Intensity VI. See map on this page. Two 
shocks, 4 minutes apart, the first strong, the second weak. Felt in Nebraska, 
Kansas, Iowa, and Missouri. The point of maximum intensity was near Tecum- 
seh, Nebr., where chimneys were cracked and a few collapsed. A few windows 
were broken, and cracks appeared in plaster and stone walls. Several other 
places reported intensity V as indicated by the smaller ring on the map. The 
epicenter was at approximately 40°20' north, 96° 12' west, and the area affected 
close to 50,000 square miles. The shock was recorded on seismographs at St. 
Louis, Florissant, Ann Arbor, Chicago, and Des Moines, Iowa. This earthquake 
is attributed to a slight slip along the old fault which delimits the east side of the 
buried Nemaha mountains. See "The Nebraska Earthquake of March 1, 1935",

40 _.

FIGUKE 4. Area affected by the Nebraska earthquake of March 1, 1935.

by A. L. Lugn, in Science, volume 81, no. 2101, April 5, 1935, page 338, also 
Earthquake Notes, volume VI, no. 4, page 1.

INTENSITY VI:
Tecumseh, Nebr., as described above.
INTENSITY V IN NEBRASKA:
Humboldt. Two shocks. Pictures tilted on wall; some plaster and walls 

cracked.
Pawnee City. Felt by nearly everyone; many alarmed, most almost panic- 

stricken. Clock was made to strike; walls may have been cracked.
Peru. Some old chimneys dismantled; pendulum clocks stopped.
Shubert. Frightened many; damage slight.
Stella.' Two chimneys damaged.
St. Marys. Felt by all; frightened many. Pendulum clocks stopped; bricks 

loosened in chimneys.
Wymore.- Violent trembling motion accompanied by terrific roar. Pictures 

were displaced; pendulum clocks stopped.

INTENSITY V IN IOWA:
Riverton. Felt by all. Deep cemented wells were cracked and water leaked 

out.
Intensity IV in Nebraska: Auburn, Blue Spring, Crab Orchard, Du Bois 

Fairbury, Fall City, Fullerton, Holmesville, Howe, Liberty, Lincoln, Nebraska
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City, Nemaha, Odell, Plattesmouth, Rulo, Salem, Steinaver, Table Rock, 
Virginia.

Intensity IV in Iowa: Clarinda, Emerson, Keosauqua, Mt. Ayr, Tabor, 
Thurman.

Intensity IV in Kansas: Atchison, Bern, Burlington, Burr Oak, Clay Center, 
Downs, Hamlin, Havensville, Hanover, Hiawatha, Holton, Horton, Junction 
City, Manhattan, Marysville, Okote, Osage City, Salina, St. Mar's, Topeka, Troy, 
Wamego, Wheaton, White Cloud.

Intensity IV in Missouri: Oregon and St. Joseph.
Intensity III and under in Nebraska: Central City, Columbus, Franklin, 

Fremont, Friend, Guide Rock, Hastings, Minden, Norfolk, Omaha, Red Cloud, 
Superior.

Intensity III and under in Iowa: Albion, Anita, Atlantic, Bedford, Carroll, 
Cedar Rapids, Centerville, Chariton, Corydon, Council Bluffs, Creston, Cumber 
land, Davis City, Des Moines, Elkader, Glenwood, Grundy Center, Hawarden, 
Logan, Melrose, Missouri Valley, Oakland, Van Meter, Webster City, Winterset.

Intensity III and under in Kansas: Baldwin, Belleville, Centralia, Chapman, 
Clifton, Cloverbrook, Concordia, Council Grove, Elmdale, Emmett, Emporia, 
Everest, Fairview, Florence, Fort Scott, Garnett, Heizer, Kansas City, La Cygne, 
Lawrence, Leavemvorth, Lindsborg, Lvndon, Marion, Minneapolis, Morrill, 
Norton, Onaga, Oneda, Ottawa, Paola, Pomona, Pratt, Republic, Reserve, Rus 
sell, Smith Center.

Intensity III and under in Missouri: Carrollton, Excelsior Springs, Harrison- 
ville, Kansas City, Kingston, Langdon, Liberty, Mount City, Rockport, Savannah.

Not felt in Nebraska: Alma, Blair, Kearney, Ravenna.
Not felt in Iowa: Akron, Albia, Alta, Alton, Belle Plaine, Belmond, Clinton, 

Columbus Junction, Dodge, Estherville, Fairfield, Forest City, Harlan, Hum- 
boldt, Imvood, Knoxville, Le Claire, Legrand, Manchester, Marathon, Mason 
City, Monroe, Muscatine, New Hampton, Oelwein, Ottumwa, Osage, Perry, 
Pocohontas, Rockwell City, Sac City, Spencer, Toledo, Wapello, Washington.

Not felt in Kansas: Alden, Anthony, Ashland, Bucklin, Carbondale, Cimarron, 
Colby, Coldwater, Columbus, Cottonwood Falls, Dresden, Elkhart, Eureka, 
Fredonia, Garden City, Great Bend, Greensburg, Hays, Healy, Hill City, Hudson, 
Hugoton, Independence, lola, Jetmore, Johnson, Kismet, Lahm, Leoti, Liberal, 
Lamed, McPherson, Minneola, Minneapolis, Mount Hope, Ness City, Norwich, 
Oakley, Oberlin, Parsons, Plains, Plainvillo, Quinter, Randolph, Reading, Rich 
field, Scott City, Scranton, Sharon Springs, St. Francis, Sublette, Syracuse, Toron 
to, Tribune, Trousdale, Ulysses, Wagstaff, Wakeoney, Wellington, Winfield.

Not felt in Missouri: Chillicothe, Lament, Marshall.
March 22: 16:45. Southeastern Nebraska. Mild earthquake.
July 23: 19:28. Tiptonville, Tenn. Two abrupt bumping shocks felt by 

several.
About middle of October: About 11:15. Negaunec, Mich. Disturbance 

reported.
October 30: About 22:30. Negaunee, Mich. Disturbance reported.
November 1: 4:00. Egan, S. Dak. Two trembling shocks. Bed moved 

north to south.
WESTERN MOUNTAIN REGION

[105th meridian or mountain time]

January 1: 1:50. Grand Canyon, Ariz. Slight shock.
January 2: 0:30 (?). Wellton, Ariz., VI. Felt by all; frightened few. 

Cracked plaster and walls; no other damage.
January 2:  :  Pinacate country, in Mexico, bordering the Gulf of Califor 

nia. "Volcano, aroused by the quakes of December 30 and 31, 1934, in Lower 
California, emitted great clouds of smoke."

January 3: 7:35. Fredonia, Ariz., IV.
January 4: 19:00. Grand Canyon, Ariz. Very slight. Followed a few min 

utes later by another very slight shock.
January 4: 21:25. Grand Canyon, Ariz. Duration about 1 minute. Rolling 

wavelike motion, quite noticeable. Accompanied by distinct rumbling. Dishes 
danced. Followed by two more shocks, one at 22:40, and the other on January 5 
at 4:30.

January 10: 1:10. Grand Canyon, Ariz., VI. Vigorous east-west motion 
awakened sleepers with a start, frightening many. Distinct subterranean rumble. 
Some windows broken and walls or plaster cracked. Minor rock slides. Attrib 
uted to the Bright Angel fault.

January 15: 1:50. Grand Canyon, Ariz. Slight.
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January 17: 7:35 and 7:50. Socorro, N. Mex., III. Two shocks; small ob 
jects trembled; effect most pronounced in western section of Socorro.

January 19: 19:25. Socorro, N. Mex., IV.
February 20: 18:25. Bcrnardo, N. Mex., VI. Coping cracked on building; 

walls and plaster cracked, adobe and concrete buildings partially damaged. 
Accompanied by thunderous roar. Felt also at La Joy a.

February 20: 20:05. Bernardo, N. Mex. See above report, both quakes re 
ported on the same card. Felt also at La Joya.

March 29: 00:39. Rollins, Mont., V. Pendulum clocks facing north stopped; 
"most violent felt so far."

April 16: 10:45. Creston, Mont. Abrupt shaking motion felt by two persons.
May 29: 22: . Newton, Utah. Weak shock.
June 4. 10:09. Salt Lake City, Utah. Weak shock.
July 9: 3:59. Salt Lake City, Utah. Felt by many; awakened few. Moved 

small objects.
July 9. 4:49. Salt Lake City, Utah. Felt by many; awakened many. Moved 

small objects.
July 9. 5:05. Salt Lake City, Utah. Felt by few; awakened few. Moved 

small objects.
October 3: 19:47. Helena, Mont., V. The first foreshock of a long series of 

earthquakes which caused considerable damage and some loss of life at Helena 
during October and November. See special article on page 42. Hard vertical 
jolt, preceded by rumbling sounds, felt by many. One brick wall collapsed on 
building being razed.

It was felt rather strongly at Fort Harrison about 5 miles west of Helena and 
less strongly in the McClellan Gulch district about 11 miles east of Helena. At 
the latter place there was only a slight rumbling tremor.

October 3: 20:21. Helena, Mont. Somewhat less pronounced than the 
preceding shock.

October 5: 20:00. Boulder, Utah, IV
October 7: 12:30. Craig, Mont. Rocky mountains. Rocking motion felt 

by many. Objects fell from shelves; some pendulum clocks stopped; some plaster 
and walls cracked; some damage to chimneys. Accompanied by "an awful 
rumbling."

October 12: 0:51.* Helena, Mont. A strong foreshock, intensity about VII, 
damage estimated at $50,000. Epicenter about 46 C 37' north, 111°58'west; i. e., 
about 2 or 3 miles northeast of the center of Helena on the southern side of Helena 
Valley, sometimes called Prickly Pear Valley. Area affected about 70,000 square 
miles. See special article on page 42.

INTENSITY VII IN MONTANA:
East Helena.  Plaster cracked, windows broken; some brick walls moved about 

one inch.
Helena.  Began abruptly and felt by practically everyone. Rocking, bumping, 

and swaying motion, mostly bumping. There was general alarm and a few 
people became hysterical; others nauseated. Clocks stopped. There were some 
cracked walls but damage in most buildings was slight. Most of the damage 
was restricted to relatively few structures.

The east side of the city was hardest hit. Chimneys were down in a few 
places and many windows were broken. Early reports that water mains were 
broken were not verified. A water pipe was broken in one residence. The 
Bryant School in the west end of town suffered severely from broken plaster.

INTENSITY VI IN MONTANA:
Fort Harrison. Plaster torn from walls. Chimneys toppled and weakened. 

Damage to hospital between $500 and $1,000.
INTENSITY V IN MONTANA:
Alberton. 
Belt.  Plaster cracked in three-story house. Slight damage.
Cascade. Many alarmed, few panic-stricken.
Clasoil. Felt by all, bottles and cans knocked off shelves.
Jefferson City. Felt by nearly all.
Townsend. Felt by nearly all; loose articles moved.
Winston. Felt distinctly by eveyone; loose objects moved.
Intensity IV in Montana: Bozeman, Cascade, Clancy, Dillon, Fort Benton, 

Great Falls, Kalispell, Manhattan, Pony, Stevensville, Superior, Three Forks, 
Vaughn, Whitehall.
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Intensity III and under in Montana: Butte, Cardwcll, Chinook, Columbia 

Falls, Craig, Cut Bank, Deer Lodge, Fort Shaw, Hamilton, Havre, Livingston, 
Missoula, Red Lodge, St. Regis, Shelby, Victor, Whitefjsh, White Sulphur Springs.

Intensity III and under in Alberta, Canada: Medicine Hat.
Felt, intensity not reported, in Montana: Loma, Nelson, Rimini.
Not felt: Big Timber, Eureka, Thompson Falls, West Yellowstone, Wolf 

Point, Mont.; Arco, Driggs, Wallace, Idaho.
October 15: 13:30, 14:02, and 14:21. Helena, Mont. Three shocks which 

caused dismissal of some schools and increased the damage by at least $15,000.
October If,: 0:50. Chinook, Mont. Slight.
October 18: 19:40. Jefferson City, Mont. Felt.
October 18: 21:48.* Helena, Mont. The strongest of the series of 1935. 

Intensity VIII at Helena. Damage approximately $3,000,000. Two people

116

FIGURE 5. Approximate area affected by the Helena, Mont., earthquakes of October 12, and
November 28, 193.").

killed. Epicenter (same as October 12) about 2 or 3 miles northeast of Helena, 
about 46°37' north, 1H°58' west. Area affected about 230,000 square miles, 
as shown on map, facing page 20. See special article on page 42.

In Helena most people stayed up all night, many remaining outdoors, while 
others left town. Dangerous streets were roped off, and the Red Cross and 
other organizations provided food and shelter for the homeless.

On October 19 the United States Coast and Geodetic Survey sentanaccelero- 
graph and a vibration meter from California to Helena. The instruments were 
set up on October 21 in time to record many aftershocks, including the strong 
shock of October 31. The results of this work are discussed on pages 43 and 72.

Helena is situated on a rocky mountain slope. According to Mr. Harold W. 
Scott of the Montana School of Mines, "The earthquakes were caused by a 
northwest trending fault, but because of the deep cover of gravel and sand in the 
Helena valley it is impossible to see the fault plane. The fault zone extends for 
a distance of approximately 14 miles, from a point a mile or more to the northwest 
of Helena to an indefinite point between East Helena and Clasoil. The fault
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is probably of the normal type, and is part of the late Tertiary diastrophism. 
The zone of slipping is near the northern border of the Boulder Batholith."

Telegraph, telephone, and electric-light services were interrupted for about 
1 hour. No gas or water lines were broken. There was little damage to well- 
constructed buildings with steel or reinforced concrete frames resting on solid 
foundations, but it was severe in commercial buildings that lacked steel or con 
crete frames. Many of the latter were of poor construction. On October 23 
a Red Cross representative examined 338 houses on a diagonal line through the 
worst of Helena's quake-shaken district. Of these, 36 were undamaged, 134 were 
slightly damaged, 94 suffered medium damage, 45 were badly damaged, and 29 
demolished. Chimneys were reported to have been destroyed on 213 buildings, 
interiors wrecked in 146, foundations hurt on 31, and plumbing broken in 3. 
These figures do not include damage in the business and industrial sections.

In some sections practically all chimneys were destroyed. Damage was especi 
ally pronounced along the contacts of rocky and sedimentary ground. In the 
northeast section of Helena it was greatest on alluvial ground in old brick build 
ings 2 to 2^> stories high and of poor construction. East and west walls suffered 
the greatest. Damage was severe also in the southern business section of Helena, 
which is built in Last Chance Gulch on land that has been mined by dredging. 
Most buildings there are ycry old. Brick veneer walls were in many cases more 
vulnerable than brick chimneys.

Many monuments were twisted and overturned in the Forest Dale Cemetery, 
about 4 miles northwest of Helena. The ground was cracked in a number of 
places in Helena Valley to the northeast of Helena, and in some cases water, 
sand, ash, mica, etc., came out of the cracks. One crack was found which was 
150 feet long, 2 or 3 inches wide, and more than 3 feet deep. Lines ruled on the 
Helena High School football field were made wavy by the quake, the maximum 
displacement appearing to be about 2 feet. Many pronounced changes in the 
flow of springs and streams, most of them temporary, accompanied this and other 
shocks of the series.

INTENSITY VII IN MONTANA:
Ranch beticeen Bird's F]J/C and Silver.- Good sized spring opened. (Some mois- 

tnro before the quake, but no water at the surface.)
Clasoil. Felt by several. Ground cracked. Schoolhou.se of wood, concrete, 

and brick partially damaged. Chimneys destroyed; some windows broken. 
Loose articles fell from .shelves. Roaring sound.

East Helena.  General alarm. People remained out until early in the morning 
or left town. Lights went out during the shock, adding to the alarm. Nearly all 
chimnevs were cracked or entirely destroyed. Nearly all houses cracked to some 
extent. Several brick buildings and one stone building partially destroyed. Por 
tions of walls of about five buildings fell. Total damage to buildings about 
$40,000. The Anaconda Copper Mining Co. reports that they "have practically 
no brick structures and there wasn't a bit of damage to other buildings."

Prickly Pear Creek. Increased its flow from about 800 feet per second to 1,000 
feet per second.

Fort Ilarrifson. Considerable damage. All chimneys cracked or knocked down. 
Few cracks in exterior walls; interior partitions cracked. Buildings damaged 
around brick gables and cracked over doors and windows. Chimneys fell mostly 
to southeast. One small water pipe broken.

St. Iqnatius. "Garden Wall" in the Mission range, cast of St. Ignatius. A 
new chasm 40 feet wide and one-fourth mile long reported to have appeared. 
Extends from top of this high rock formation down the face of the cliff. Some 
geologists doubt that this cleft was caused by the quake.

INTENSITY VI IN MONTANA:
Alhnmbra. Trembling swaying motion distinctly felt. Artesian hot springs 

doubled flow of water and new hot springs opened. The flow from some springs 
was still increasing on October 25; from others the flow had decreased to normal 
by October 24. One glass knocked off a drinking fountain. No material damage.

Butte. There was no damage at Buttc, but about 7 miles from the city a well- 
constructed brick house two stories high had a corner knocked down. A cold 
well began running hot water. Felt in mines on the third level but not below.

Camas. Some cracks in stucco foundations of buildings. Water tank in tower 
above building groaned so much that an observer thought that it was going to 
-come down.
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Checkerboard Canyon. Rock and landslides.
Clancey. A few loose bricks on schoolhouse chimney fell. Soap piled in store 

fell. Some cracked plaster; no cracked windows.
Button. Slight cracks in a few chimneys and in walls and plaster.
Evans. Slight damage to buildings. Some bricks fell from chimneys; window 

glass cracked or broken; walls of store building cracked.
Golden Messenger Aline. Felt underground.
Jefferson City. One brick building had a couple of cracks, and a stone house 

was cracked. Two chimneys broke some; two were cracked all the way around 
half way up. Planter cracked in some houses. A house which had recently been 
moved and was resting on some large planks was shifted a little by the quake. 
There was a little rock slide about 7 miles from Jefferson City in the direction of 
Helena.

Logan. Slight damage to buildings; vertical cracks in walls, some damage to 
chimneys, plaster cracked.

Lombard. Slight damage to buildings. Chimney cracked.
Afari/wille. A number of chimneys were down, and several lost a few bricks. 

Two walls cracked vertically.
Nelson.  Home walls cracked. Another report, "no damage." One rock slide 

on the north ridge of Checker Board. A large block of limestone slid to the 
north.

Nife.  Slight damage to buildings. Chimneys cracked and at a coal mine 
located here large cracks and some rock slides appeared, and continued to ap 
pear for some days after the quake. The cracks run south, and downward at an 
angle of 45°.

Toirnsend. Considerable damage to buildings. Three chimneys cracked. 
Some cracked plaster.

INTENSITY V IN MONTANA:
Afjaicam. Felt by all; general alarm but no panic. Thunderous roaring. 

Pendulum clock stopped; vase and other small objects toppled; broom leaning 
upright against wall fell. No damage.

Alberton.  Trembling motion began rapidly and was felt by all.
Alder. Swaving motion felt by all.
Arinstead. One clock stopped.
Augusta.  Sink moved from west wall of house.
Avon.  Some clocks stopped; one clock started and ran for a few minutes.
Basin.  -Felt distinctly by miners at the Comet mine who were coming out to 

lunch. They returned to mine after lunch.
Belgrade.-  Slight damage; soir.e cracks in walls and plaster.
Belton.- Disturbed objects were observed by many.
Boulder. Pendulum clocks stopped; hanging objects swung. Slight damage. 

Another report, "no damage." A few knicks in buildings. Quake was preceded 
by rumbling noise and dimming of electric lights.

Hozeman.  Pictures were displaced; chandeliers swung; some pendulum clocks 
stopped. Soive plaster cracked, none thrown down.

Cardirell.  Felt by all; general alarm. Pendulum clocks stopped. No damage.
Carter. Plaster cracked slightly and some thrown down. Grain elevator 

spout knocked off, and scales rocked in opposite direction.
Casacde. Slight damage to buildings; a few walls cracked; slight cracks in 

plaster.
Chateau. Cas pipes damaged in one .house; no other damage.
Clarkslon. Felt by many; general alarm. No damage.
Cleiv. Buildings creaked and rattled; plaster cracked.
Cli/depark.  Disturbed objects were observed by many; no damage.
Collins. Felt by all. Slight landslides.
Columbia Falls.  -Felt by all. Small objects moved. Chair seemed to move 

about G inches back and forth north and south in abrupt motion.
Conianche. Clock stopped. Small objects moved.
Cordova. Beds, phonograph, and various objects swayed east-west. No 

damage.
Conrin Springs. Felt by all. Spilled water from outdoor containers in north 

east direction.
Craig.  Small objects moved; canned goods fell from shelves; clock stopped. 

No chimneys down. One old chimney had loose bricks at top, which were not 
thrown down. A few new hai'r-line cracks in concrete foundations of schoolhouse 
extended up brick walls to windows.

Cut Bank. Felt by all. Disturbed objects observed by several.



22 COAST AND GEODETIC SURVEY 1935

Darby. Two shocks. Some old frame houses seemed to sway and shake con 
siderably, while newer and smaller ones were not affected so much. Small ob 
jects were moved; hanging objects swung; pendulum clocks stopped. Very 
little damage.

Deer Lodge. Loose objects moved. People rushed from theater.
Dillon. Felt by all; general alarm. Disturbed objects were observed by 

many.
Drummond. Slight displacement of vases, pictures, and dishes. Two pendu 

lum clocks stopped. Slight cracks in plaster, specially on ceilings. No other 
damage.

Eldridge. Damage slight.
Elliston. Felt by all; general alarm. Water in open containers spilled east- 

west. Small objects were not disturbed. No damage.
Emigrant. Some damage to light structural parts such as chimneys, tile roofs, 

ornaments, etc. Pendulum clocks did not stop; plaster not disturbed.
Ethridge. Felt by all. Small objects moved in a few cases. Brace wires on 

stove-pipes, radio aerials, etc., were humming.
Fairfield. Man}' observed disturbed objects.
Findon. Felt by all.
Fishtrap. Felt by all.
Florence. Three shocks.
Floweree. Slight damage to buildings.
Fort Shaw. Felt by most; people were interested but not alarmed. Hard- 

packed roadway in front of one house was pulverized by the shock. A coal-mine 
operator about 12 miles southwest of Fort Shaw reports that there was an under 
ground rumbling like distant thunder which continued for some time after the 
shock was felt.

Frenchtown. Many alarmed. No subterranean sounds. Hanging objects 
swung.

Gallup City. Felt by all. Disturbed objects were observed by several.
Oardiner. A few left their homes. Disturbed objects were observed by several.
Geraldine. Felt by practically all; many alarmed.
Giffen. Disturbed objects were observed by many.
Havre. One apartment building quivered and occupants hurried out. Felt 

by people in standing motor cars, but not by people standing nearby. Pendulum 
clocks stopped.

Hay Coulee. General alarm. Small objects were moved; hanging objects 
swung. Chimney cracked.

Heart Butte. Moved furniture. No damage.
Helmville. Walls cracked very slightly.
Hiqhwood. Felt by all.
Hill. Disturbed objects were observed by one.
Holler. Felt by all.
Hot Springs. Many were alarmed.
Hughesville. Felt by all.
Jackson. Felt by several. Disturbed objects were observed by several. No 

damage to light structural parts such as chimneys, tile roofs, ornaments, etc. 
Objects such as chimneys, monuments, etc., fell toward the north.

Jardine. Rock slides occurred in highway.
Jeffers.-  Disturbed objects were observed by several. Chairs rocked, chan 

deliers swayed, one clock stopped.
Kalispell. Plaster cracked in one or two cases. A large tree in school yard is 

reported to have broken and part fell; tree was old.
Lingshire. Felt by all.
Livingston. Felt by a majority of the population; no general alarm. (Accord 

ing to another report people dashed out frightened.) Early reports state that a 
few bricks were shaken from chimneys and that the city hall, an old brick structure, 
was somewhat damaged, having a long jagged crack over door and cracks in ceiling.

Loma. Small objects moved.
Lowry. Felt by most everyone that was awake.
Manhattan. Disturbed objects were observed by many. Pendulum clocks 

stopped.
Maxville. Felt by all.
Missoula. Plaster cracked very slightly.
Olney. Small articles v/ere upset.
Ovando. Felt by all.
Paradise. Furniture moved a few inches.
Park City. Plaster cracked beside chimney.
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Per ma. Plaster not disturbed; window brok\e in depot; stovepipe moved from 
wall.

Polaris. General alarm; few left houses.
Pony. A few light objects fell. No damage.
Portage. Pendulum clocks stopped; building observer was in felt as though it 

was going to fall apart.
Ramsay. Some plaster cracked slightly.
Ringling. Several small shocks. Plaster cracked.
Rothiemay. Felt by many. Pendulum clocks stopped. Springs flow a little 

stronger.
Roy. Hanging objects swung; tables jumped, and rocking chairs rocked even 

with people in them.
Ryegate. -Felt by practically all except those asleep or riding in automobiles.
Sand Coulee. Some observed disturbed objects.
Sappington. All were alarmed.
Seeley Lake. Felt by many. Objects swayed and rolled off tables. Slight 

damage to light structural parts such as chimneys, tile roofs, ornaments, etc.; 
these fell to the north.

Selma. Felt by several; all were alarmed who felt the quake. Disturbed 
jbjects were observed by several.

Shelby. Felt by almost all; slight panic at the local movie show.
Shonkin. Felt by many or all; not much alarm. Buildings and automobiles 

swayed. Hanging objects swung.
Sixteen. Felt by all; all were awakened but none alarmed.
Square Butte. One report states that one chimney was damaged and a concrete 

floor in another building bulged and cracked; plaster not distrubed. Another 
report states there was no damage.

Stanford. Pendulum clocks stopped; small objects were moved. A few report 
slight cracks in plaster.

Sula. Several shocks. Small objects were moved; pendulum clocks were not 
stopped.

Sunburst. Plaster was cracked very slightly in east-west direction.
Three Forks. Felt by all. Several observed disturbed objects.
Trident. Majority of the people left houses. Books were moved on shelf.
Ulm. Felt by almost all. One of two reports received states that plaster was 

cracked.
Varney. Slight damage to buildings; mortar jarred loose.
Vaughn. Several observed disturbed objects.
Waltham. Felt by all; a number were alanred. Plaster cracked.
Warmsprings. Felt by about 25 percent of the-people. Slight cracks in well- 

constructed brick.
Watson. Small objects moved.
Whitefish. Chair, tables, beds, and pictures moved; pendulum clocks did not stop.
Whitehall. Walls cracked slightly; hanging objects swung.
White Sulphur Springs. Felt by all.
Willow Creek. Plaster cracked slightly.
Winston. Two large thin windows cracked. Plaster in walls cracked slightly
Wisdom. Furniture moved.
Wise River. General alarm.
Wolf Creek. Felt by all. Damage none or slight. Highway department 

officials state that the large crevice in the earth alongside the highway about 1 
mile south of Wolf Creek was caused by an old landslide and not the earthquake, 
though the latter may have made some change in it.

York. Some loose objects fell from shelves. Stone slides south of York.

INTENSITY V IN IDAHO: 
Kellogg. Felt by many. 
Sandpoint. Pendulum clocks facing south stopped. Slight damage.
INTENSITY V IN WYOMING:
Ycllowstone National Park. Felt by many; frightened few.

INTENSITY V IN WASHINGTON:
Valley. Furnishings moved. Cracked plaster.
Intensity IV in Montana: Anaconda, Bercail, Big Sandy, Big Timber, Billings, 

Black Foot, Black Leaf, Bole, Brady, Brooks, Browning, Cameron, Cavern, 
Chester, Chinook, Cliff Lake, Clinton, Coffee Creek, Comrade, Corvallis, Custer, 
Denton, Devon, Dixon, Dover, Farmington, Fort Benton, Fowler, Frombery, 
Geyser, Gibbons, Gibson, Glacier Park, Glasgow, Grayling, Great Falls, Grey 
Cliff, Hamiltor, Harlowton, Harrison, Homestake, Hopp, Iliad, Inverness, Jens,
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Kabo, Kevin, Lewistown, Libby, Limestone, Lolo Hot Springs, Lyon, Marias, 
Marion, Martinsdale, Maudlow, McClellan Creek Gulch, McLeod, Melrose, 
Melville, Menard, Merino, Monarch, Neihart, Nyack, Pendroy, Poison, Powder- 
ville, Raynesford, Red Lodge, Riebeling, Rollins, St. Peter, Saltese, Shawmut, 
Sheridan, Simms, Stockett, Superior, Swingley, Thompson Falls, Toston, Tuscor, 
Ural, Valier, Victor, Vigelle, Walkerville, Waterloo, West Yellowstone, Whitlash, 
Windham, Winfield, Wolf Point, Wyola.

Intensity IV in Idaho: Ashton, Avery, Coeur d'Alene, Craigmont, Elk City, 
Elk River, Fernwood, Headquarters, Kamiah, Lewiston, Mackay, Mullen, 
Nezperce, North Fork, Saint Maries, Salmon.

Intensity IV in Wyoming: Cowley, Garland, Powell, Sheridan.
Intensity IV in Washington: Chewelah, Farmington, Spokane.
Intensity IV in Alberta, Canada: Cardston, Lethbridge.
Intensity III and under in Montana: Babb, Baker, Beckett, Big Horn, Car- 

bella, Cleveland, Como, Dodson, Dupuyer, Eagleton, Essex, Forsyth, Four 
Buttes, Gateway, Glendive, Hardin, Heron, Hysham, Judith Gap, Lima, Living 
Springs, Luther, Malta, Midale, Miles City, Miner, Moccasin, Monida, Montague, 
Polebriclge, Poplar, Rapelje, Russell, St. Xavier, Troy, Yaak.

Intensity III and under in Idaho: Boise, Bonners Ferry, Cascade, Challis, 
Clark Fork, Culdesac, Emmett, Fenn, Genesee, Golden, Grangeville, Idaho City, 
Lake Meadows, Moscow, Orofino, Stites, Troy, Wallace, Warren, Weiser Valley, 
Winnett.

Intensity III and under in Wyoming: Cody, Jackson, Triangle F. Ranch.
Intensity III and under in Washington: Colfax, lone, Omak, Rosalia, Walla 

Walla, Waterville, Wcnatchee.
Intensity III and under in Alberta, Canada: Calgarjr , Drumheller, High River, 

MacLeod, Milk River, Pincher Creek.
Intensity III and under in British Columbia, Canada: Nelson, Tadanac.
Intensity III and under in Saskatchewan, Canada: Regina, Saskatoon.
Not felt in Montana: Alta, Bainville, Belt, Briley, Broadus, Circle, Eight 

Point, Ekalaka, Fairview, Fife, Garryowen, Hathaway, Hogeland, Jennings, 
Jordan, Lavina, Lee, Lindsay, Mildred, Plentywood, Plevna, Ridgeway, Scobey, 
Terry, Whitcwater.

Not felt in Idaho: Caldwell, Clayton, Copeland, Driggs, Du Boise, Hailey, 
Idaho Falls, Malad City, Midvale, Montpclicr, Mountain Home, Oakley, Payette, 
Pocatcllo, Rathdrum, Rexburg, Ridgcdale, Rigby, Silver City, Silver Springs, 
Spencer, Twin Falls.

Not felt in Wyoming: Arlington, Arininto, Auburn, Bear Creek, Buffalo, Casper, 
Cheyenne, Clearmont, Cody, Cokeville, Douglas, Fairview, Kemmerer, Kerby, 
Larimy, Manderson, Mason, Midwest, Monita, Newcastle, Pinedale, Rollins, 
Riverton, Savageton, Sundance, Sussex, Winchester, Worland.

Not felt in Washington: Asotin, Coulee, Davenport, Odessa, Othello, Pasco, 
Patterson, Prcscott, Republic, Ritzvillc, Seattle, Tatoosh Island.

Not felt in Alberta, Canada: Alix, Camrose, Carstairs, Castor, Edson, Foothills, 
Ft. McMurray, Frank, Gadsby, Gleichen, Grand Prairie, Jasper, Magrath, Peace 
River, Raymond, Red Deer, Wainwright, Wetaskiwin.

Not felt in British Columbia, Canada: Chilliwack, Cranbrook, Donald, 
Kamloops, Kaslo, Merritt, Okanagen, Revelstoke, Vancouver, Vernon, Victoria.

Not felt in Saskatchewan, Canada: Aneroid, Battleford, Broadview, Hudson 
Bay Junction, Humboldt, Lumsden, Moose Jaw, Moosomin, Oxbow, Qu'Appelle, 
Swift Current, Watrous, Weyburn, Wynyard, Yorktown.

Not felt in Oregon: Arlington, Athena, Baker City, Bend, Crane, Elgin, 
Huntington, La Grande, Milton, North Powder, Pendleton, Pilot Rock, Prairie 
City, The Dalles.

Not felt in Colorado, Kansas, or North Dakota, nor in Manitoba, Canada.
For complete list of aftershocks at Helena see list prepared by W. E. Maughan 

described on page 56.
October 18: About 22:30. Stites, Idaho. Slight aftershock. Small objects 

moved. Jefferson City, Mont. Aftershocks hardly noticeable.
October 19: Several aftershocks felt as follows: 

3:31.* Alhambra, Mont. "Felt." 
4:16.* Alhambra, Mont. "Felt'"
 : . Cardwell, Mont. Light tremor. 
2: . Harlowton, Mont. 

October 19:  : . Helena, Mont. Many aftershocks.
 : . Highwood, Mont. Many very slight shocks.

October 20: Slight aftershocks felt at Cardwell, Highwood, and Seeley Lake, 
Mont.
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October 21: 3:33. Aftershock broke windows at Helena, Mont. Felt also at 
Butte, Cardwell, and Highwood, Mont.

October 21: 6:22. Helena. Mont.
October 21: 13:45. Butte, Mont. Felt by few; rattled dishes and window 

panes for a few seconds.
October 23: 10:40. Helena, Mont., V.
October 23: 18:30. Whitlash, Mont. Slight movement from southwest 

toward northeast. Chair rooked.
October 25. 16: to 17:30. Helena, Mont. Rumbling sounds.
October 27: Shortly after noon. Helena, Mont. Shook down previously 

loosened chimneys. Unnerved scores of visitors. See page 72. 
-- October 27: 19:09. Phoenix, Ariz. Sandy plain. Several weak shocks.

October 30: 20:10. Kalispell Mont. Felt.
October 31: Between 0:  and 1: . Blackleaf, Mont., about II or III. 

Another of about same intensity about one-fourth hour later. 
^October 31: About 1: . High River, Alberta, Canada. Observer felt bed 
move. Windows rattled; panes quivered.

._ October 31: 8:  or 20: . Culdcsac, Idaho. Sloping rocky ground. Rapid 
east-west quiver of short duration felt by few.

October 31: 8:10. Verona, Mont. Sloping ground. Slow motion lasting 12 
seconds felt by few; frightened no one. Pendulum clocks facing northeast did 
not stop.
/October 31: 8:20 or 20:20. Wilborn, Mont. Windows, doors, and dishes 

rattled.
October 31: 11:38.* Helena, Mont. The second strongest shock of the 

October series. Intensity VIII   . Epicenter about 46°37' north, 111°58' west, 
as on October 12 and 18. Area affected about 140,000 square miles, as shown on 
map facing page 26. Additional destruction increased the total damage to nearly 
$4,000,000. Two more persons were killed. (Six additional deaths were attrib 
uted indirectly to earthquake causes during the October series.) See special 
description on page 42 for other details and strong motion results on page 72.

Many buildings, weakened by previous shocks, were further damaged. Struc^ 
tures on alluvial ground were hardest hit but serious destruction was not confined 
to such localities. Destruction was most severe in the neighborhood of the city 
hall, and on Main Street; in the residential district, on Ninth Street. Destruction 
on the west side w'as worse in this shock than for the October 18 shock. The new 
high school, which was badly damaged on October 18, was almost completely 
demolished. Damage to frame buildings was slight except to chimneys and brick 
veneer facing.

The ground in Helena Valley was cracked again. W7ater was seen spurting a 
foot or two from some of the cracks, and dust came from others. All chimneys 
were down in this neighborhood and a bridge was shifted slightly to the west. 
The epicenter appears to have been in the same locality as that of October 18. 
This view is supported by reports from 3 miles northeast of Helena that the sound 
seemed to come from directly beneath, while to residents of Helena the source of 
the sound was north or northeast of them, and to those 5 miles northeast of the 
city it appeared to come from the direction of Helena.

INTENSITY VII IN MONTANA:
Clasoil. Small objects and furnishings were moved; vases and small objects 

were overturned; water was spilled from indoor containers. Broke dishes, win 
dows, and chimneys; pictures, plaster, and walls fell; damage considerable.

East Helena. Grade school and city hall badly damaged, "will have to be razed 
probably." Otherwise only minor damage; slight damage to windows and 
chimneys. Total new damage estimated at $20,000.

Fort Harrison. Walls cracked.

INTENSITY VI IN MONTANA:
Bigfork. Some plaster down. A few windows broken.
Craig. Cracked plaster and chimneys; damage slight.
Dillon. Cracks appeared in several buildings; no serious damage.
Dutton. Cracked plaster, walls, and chimneys. Chimneys, monuments, and 

columns twisted. Damage slight in brick, masonry, and concrete. No apparent 
damage other than slight cracks in tile school.

Evans. Plaster, windows, and a stone wall cracked. Damage slight.
Jefferson City. Cracked plaster, walls, and chimneys. Twisted chimneys. 

Damage very slight in brick.
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Logan. Cracked plaster, windows, and walls. Broke windows; chimneys fell; 
damage slight.

Marysville. Plaster and walls cracked; books, pictures, and plaster thrown 
down, and dishes broken; damage slight.

Neihart. Felt by all. "Foundation of one building badly cracked and prob 
ably falling."

Schalz. Frightened all. Broke windows and chimneys; damage slight.
Seeley Lake. Overturned small objects; cracked plaster in chimneys; damage 

slight.

INTENSITY V IN MONTANA:
Agawam. Felt by all. Pendulum clocks facing east stopped.
Augusta. Pendulum clocks facing northeast stopped; small objects moved; 

vases overturned.
Austin. Pendulum clock facing east stopped.
Avon. Overturned small objects; spilled water from indoor containers. Cracked 

plaster; damage slight.
Belt. Cracked plaster a little; damage negligible.
Brady. Cracked plaster; damage slight.
Butte. Persons fled from several uptown buildings. Felt in mines down to 

the seventh or eighth level but not below.
Cardwt'll. Felt by all. Pendulum clocks stopped.
Carter. Damage slight.
Cascade. Small objects were moved. Plaster cracked slightly.
Cavern. Noticed by all.
Clancey. School closed until the next Monday; no damage done except a little 

plaster loosened.
Clarkston. Frightened all. Overturned vases and furniture; cracked plaster; 

damage slight in wood.
Collins.  Spilled water northeast. Damage slight in wood.
Columbia Falls. Pendulum clocks did not stop. Damage slight.
Corbin. Overturned small objects; no damage.
Cut Bank. Cracked plaster slightly. Damage slight. Seemed to be stronger 

north of town.
Darby. Small objects were moved. Damage slight.
Deer Lodge. Pendulum clocks stopped; small objects were moved.
Denton. Damage very slight.
Devon. Small objects were moved.
Drummond. In a couple of brick buildings cracks were found which had not 

been noticed before. Damage slight.
ElUston. Overturned vases; no damage.
Emigrant. Slight damage.
Fair field. Moved small objects.
Finn. Pendulum clocks stopped.
Florence. Overturned small objects.
Giffen. Moved small objects.
Great Falls. Felt by all; frightened few. Some plaster fell.
Hall. -Spilled water north-south. Slight damage.
Hamilton.- Cracked plaster; damage slight.
Heltnvill0 .  Felt by all. Overturned vases and furniture. Cracked plaster; 

no other damage.
Higkwood. Moved small objects and furnishings. Cracked plaster; no other 

damage.
Kalispell.~ Pendulum clocks did not stop. Plaster cracked. Press reports 

windows broken. Damage slight.
Kevin.  Overturned bookcase.
Lewiston.- Frightened few.
Lombard. Slight damage in brick.
Loring. Small objects and furnishings were moved; slight damage.
Maxville. Plaster cracked; damage slight.
Afissoula.- Slight cracks in plaster.
Nelson. Pendulum clocks facing north stopped.
Ovando. Felt by many; frightened few. Pendulum clocks stopped. One log 

house spread slightly.
Ifadersburg. Overturned small objects.
Ramsay. Pendulum clocks facing southwest stopped.
Russell. Small objects fell. Damage slight.
Shelby. Pendulum clocks facing southeast stopped; swivel chair rocked. 

Damage slight.
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Simms. Felt by all.
Springdale. Cracked plaster; damage slight.
Sweetgrass.- Felt by many; frightened few.
Three Forks. Moved small objects. Damage slight.
Varney.- Slight damage in mortar. Steam observed issuing from caves on 

October 29 and continued for at least several days. This phenomenon was 
accompanied by a roaring noise when it was first observed on October 29, but 
this had ceased by November 2.

Vaughan.  Frightened all.
Victor. Plaster and windows cracked; damage slight.
Waltham.- Cracked plaster; slight damage.
Warm Spring.- Overturned a few vases and small objects. Slight damage in 

plaster loosened by quake of October 18.
Whitefish. Moved small objects; spilled water east.
Winston.- ~Fc*\t by many; frightened many. Slight damage.
Wolf Creek. Felt by all.

INTENSITY V IN IDAHO:
Saint Maries. Felt by many; frightened no one. Cracked plaster. Water in 

river agitated; made waves such as a passing boat would make. 
tfandpoi'iit. Pendulum clocks stopped.

INTENSITY V IN WASHINGTON:
fipolcane. Three clocks stopped. Plaster reported cracked in one building.
Valley.- Knickknacks fell.
Intensity IV in Montana: Alder, Alhambra Hot Springs, Anaconda, Arming- 

ton, Bannack, Belton, Bonner, Bo/eman, Byiuim, Chinook, Cleiv, Coffee Creek, 
Como, Comrade, Dixon, Essex, Ethridge, Kvaro, Findon, Floworeo, Fort Shaw, 
Fowler, Frenehtown, Fromberg, Gallup, Genoa, Gerahiine, Glacier Park, Gold 
Creek, Grayling, Grey Cliff, Harrison, Havre, Heart Butte, Jackson, Jens, Libby, 
Lingshire, Livingston, Manhattan, McLeod, Mclrosc, Moccasin, Monarch, Olney, 
Paradise, Perma, Polaris, Polebridge, Pony, Portage, Raynsford, Ricbeling, 
Ringling, Roy, St. Regis, Sandcoulee, Sixteen, Square Buttc, Stockett, Sula, Sun 
burst, Superior, Thompson Falls, Toston, Tnscor, Valier, Walkerville, Waterloo, 
Watson, West Yellowstone, White Sulphur Springs, Williams, Willow Creek, 
Windham, Wisdom, Wise River.

Intensity IV in Idaho: Clark Fork, Coeur d'Alene, Kellogg, Mullan, Orofino, 
Salmon.

Intensity IV in Washington: Chcwelah, Usk.
Intensity III and under in Montana: Abe, Armstead, Babb, Big Sandy, Big 

Timber, Billings, Blackfoot, Blackleaf, Bole, Bonita, Box Elder, Brooks, Brown 
ing, Camas, Choteau, Cleveland, Cliff Lake, Clinton, Corvalis, DC Borgia, Farm- 
ington, Gateway, Gilman, Harlowton, Homestake, Inverness, Jardine, Jeffers, 
Kabo, Kolin, Lima, Limestone, Martinsdale, Maudlow, Melville, Park City, 
Pcndroy, Rockcreek, Ryegate, Saint Peter, Shonkin, Sun River, Swingley, Town- 
send, Whitehall, Whithish, Winifred.

Intensity III and under in Idaho: Boise, Challis, Elk River, Fairfield, Genesec, 
Nezperce, North Fork, Troy.

Intensity III and under in Wyoming: Basin.
Intensity III and under in Washington: Colfax, Odessa, Pullman, Seattle.
Intensity III and under in Alberta, Canada: Banff, Calgarj^, Edmonton, High 

River, Lethbridge, Milk River, Warner.
Intensity III and under in British Columbia, Canada: Grand Forks, Nelson, 

Tadauac, Trail.
Not felt in Montana: Alta,, Andes, Bainville, Baker, Bercail, Big Horn, Bryley, 

Broadus, Brockton, Broekway, Ciuncron, Circle, Convin Springs, Custer, Dod- 
sou, Dover, Eight Point, Ekulaka, Fairview, Fishtrap, Forsyth, Four Buttes, 
Gallatin, Gateway, Garryowen, Gibson, Hardin, Hathaway, Heron, Homeland, 
Hysham, Jennings, Jordan, Judith Gap, Lakevicw, Living Springs, Luther, 
Medicine Lake, Midale, Mildred, Miles City, Monida, Nye, Phillips, Plenty, 
wood, Plevna, Powderville, Rapelje, Red Lodge, Ridgeway, Saco, St. Xavier, 
Soltese, Scobey, Simpson, Trail Creek, Vandalia, Wliitewater, Wilsall.

Not felt in Idaho: Aberdeen, Arco, Ashton, A very, Avon, Belmont, Big Springs. 
Caldwell, Clayton, Council, Darlington, Driggs, Dubois, Emmett, Fernwood. 
Haley, Hamer, Idaho City, Idaho Falls, Malad City, McCall, Meadows, Mid- 
vale, Moscow, Mountain Home, Oakley, Pnyette, Pocatello, Prichard, Rathdrum, 
Rexburg, Rigby, Saint Anthony, Silver City, Soda Springs, Spencer, Stites, Twin 
Falls, Warren.
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Not felt in Washington: Asotin, Coulee, lone, Davenport, Othello, Pasco, 
Patterson, Prescott, Republic, Ritzville, Rosalia, Walla Walla, Waterville.

Not felt in Alberta, Canada: Alix, Camrose, Carstairs, Castor, Edson, Foothills, 
Frank, Gadsby, Gleichen, Grand Prairie, Jasper, Ft. McMurray, Magrath, 
Peace River, Raymond, Red Deer, Wainwright, Petaskawin.

Not felt in British Columbia, Canada: Chilliwach, Cranbrook, Donald, Kam- 
loops, Casio, Merritt, Okanagan, Revelstoke, Vancouver, Vernon, Victoria.

Not felt in Manitoba or Saskatchewan, Canada, nor in Oregon.
October 31: 12:18. Montague, Mont. III.
October 31: 12:40. Fort Benton, Mont. Ill or IV.
October 31: 20:35. Wallace, Idaho. Ill or IV.
October 31: 21:45. Sheridan, Mont. V. Plaster cracked; damage slight in 

brick. (The date or time of this report may be in error.)
October 31: 23:00. Hedgesville, Mont. Very slight.
October 31: Night. Wolf Point, Mont. Plaster fell in several buildings 

sometime in the night of October 31. No one felt shocks.
November 2: 10:42. Helena, Mont. Strong aftershock. Duration 3 sec- 

conds. Slight additional damage. Loose objects and bits of cornice fell. Deep 
rumbling.

November 4: 4:23, 5:42, etc. Helena, Mont. A series of strong aftershocks, 
the strongest at 4:23 and 5:42, which threw down loosened construction. One 
additional building designated as unsafe. Walls of Federal Reserve Bank build 
ing cracked. Building not abandoned. Press reports shock at 4:23 felt also at 
Bozeman, Butte, Great Falls, and Livingston, Mont.; no damage at these places. 
Weather Bureau at Helena reports shock at 5:42 felt over all of western Montana.

November 5: 4: . Loma, Mont. Weak shock.
November 6: 1:12. Salt Lake City, Utah. Slight.
November 6: 8:23. Helena, Mont. Strong aftershock. Duration 3 seconds. 

Not felt at Butte or Great Falls, Mont. See pages 79 and 80.
November 10: 20:42. Laramie, Wyo. An earthquake of short duration 

accompanied by an audible rumble.
November 21: 20:58. Helena, Mont. Strong aftershock. Bumping and 

swaying east-west motion began rapidly with a sudden lurch and was felt by 
nearly all. There was very little alarm, as the citizens had become quake- 
hardened. A few left their houses but returned shortly. Many heard faint to 
moderately loud rumbling sounds. Damage very slight, and confined to build 
ings which had previously been damaged or weakened. Felt also at Bozeman, 
Butte, Great Falls, and Virginia City, Mont. See page 80.

November 28: 7:42.* Strong aftershock at Helena, Mont., reaching intensity 
VI, and felt over an area of about 90,000 square miles. Epicenter about 46°37' 
north, 111°58' west. See map on page 19 and special article on page 42.

INTENSITY VI IN MONTANA:
Helena. Motion consisted of two shocks separated by an interval of 9 seconds. 

The motion in the first shock was of a slow rolling bumping horizontal type; in 
the second, a noticeable swaying and twisting. Motion began gradually.

Many alarmed for several minutes. Moderately loud rumbling and bumping 
sound heard by many from beginning to end of shock. Brick walls of poorly con 
structed buildings that had been weakened by previous shocks were further 
weakened, and in a few instances thrown down. Slight tilting of floor noticed. 
Weather Bureau at Helena reports this shock as the fourth strongest of the series, 
being weaker than the one on October 12; but it was the more widely felt of the 
two shocks.

INTENSITY V IN MONTANA:
Basin. Small objects moved.
Bozeman. One window reported cracked.
East Anaconda. Felt by many; general alarm. Some walls cracked; no 

damage.
Lombard. Felt by all; general alarm.
Shelby. Press reports windows shattered; another report states no damage.
Intensity IV in Montana: Butte, Cascade, Columbia Falls, Great Falls, Loma, 

Manhattan, Missoula, Riebeling, Sand Coulee, Superior, Three Forks, Townsend, 
Whitefish.

Intensity III and under in Montana: Billings, Chinook, Clydepark, Columbus, 
Craig, Deer Lodge, Dillon, Gardiner, Hamilton, Havre, Kalispell, Lewiston, 
Livingston, Thompson Falls, Virginia City.

Intensity III and under in Idaho: Mullan, Salmon.
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Not felt in Montana: Alberton, Baker, Big Timber, Cut Bank, Forsyth, 
Hardin, Hysham, Malta, Plentywood, Red Lodge, West Yellowstone, Wisdom, 
Wolf Point.

Not felt in Idaho: Orofino, Wallace, Ashton, Challis, Clark Fork, Coeur d'Alene, 
Culdesac, Dubois, Lake, Mackay, Moscow.

Not felt in Wyoming.
Decembers: About 14:15. Tropic, Utah. Slight shock felt by several. 

N December 5: 14:25. Fredonia, Ariz. Two shocks. Felt by many. Win 
dows rattled; piano shook for several seconds. Recorded at Tucson.

December 5: 14:30. Orderville, Utah. Weak shock. Perhaps same as 
shock reported at 14:15.

December 12: Night. Belen, N. Mex. Weak.
December 14: Evening. Los Lunas, N. Mex. Slight.
December 17: 22.33*. Belen, N. Mex., V. Felt by many; some alarmed. 

Moderately loud subterranean sounds, bumping, and like wind. Buildings 
creaked, and loose objects rattled as if a truck had hit building. Brick wall of 
old public school building cracked; school dismissed for 2 days. Some plaster 
down and small objects shaken from shelves. Felt weakly at Los Lunas, Mag- 
delena, and Socorro, N. Mex.

December 18: Various times. Belen, N. Mex. Weak intermittent earth 
quakes. One shock, in the evening, felt at Los Lunas, N. Mex. All schools 
closed.

December 19: Various times. Belen, N. Mex. Sixteen shocks in the monoto 
nous series of tremors. After one of the more severe shocks a crack 1 inch wide 
and several feet long showed in the wall of a brick building. Freight cars rocked 
on the tracks.

December 21: 18:56. Belen, N. Mex. Strong earthquake followed by three 
other strong shocks, felt as far away as Socorro and Albuquerque. These were 
the strongest shocks in the series of earthquakes beginning December 12. Win 
dows and dishes rattled; small objects were thrown from shelves. All substan 
tially built buildings withstood the tremors, although old adobe structures on 
the outskirts of the city began to show signs of weakening.

December 30: 22:10. Belen and Albuquerque, N. Mex. Strongest shock 
since December 21. No damage.

CALIFORNIA AND WESTERN NEVADA

[120th meridian or Pacific standard time]
All places are in California unless otherwise stated. "Berkeley" refers to the seismological station of the Uni 

versity of California at Berkeley; Perry Byerly in charge. "Pasadena" refers to the seismological laboratory 
of the Carnegie Institution and the California Institute of Technology at Pasadena; H. 0. Wood in charge.

January 2: 10:59. Los Angeles, IV.
January 2: 14:41.* Epicenter about 50 miles west of Cape Mendocino, 

according to Berkeley. See map on page 31. Moderately strong shock. Re 
corded on strong-motion instruments; see page 62.

INTENSITY V:
Alderpoint. Berkeley gives intensity V-VI on the Rossi-Forel scale.
Fort Bragg. Berkeley gives intensity V-VI on the Rossi-Forel scale.
Holmes. Felt by all, frightened few. Small objects moved, knickknacks fell.
Korbel. Berkeley gives intensity V-VI on the Rossi-Forel scale.
Orleans. Berkeley gives intensity V-VI on the Rossi-Forel scale.
Shelly. Berkeley gives intensity V-VI on the Rossi-Forel scale.
Intensity IV: Albion, Arcata, Bayside, Benbow, Elk River, Eureka, Ferndale, 

Honeydew, Rio Dell, Rohnerville, Scotia, South Fork, Upper Mattole, Wadding- 
ton, Weott, Whitlow.

Intensity III and under: Alton, Blocksburg, Burnt Ranch, Carlotta, Cummings, 
Eel Rock, Ettersbqrg, Fields Landing, Fort Dick, Fort Sevvard, Fortuna, Fresh 
water, Garberville, Harris, Klamath, Loleta, McCann, Miranda, Petrolia, Piercy, 
Samoa, Stumpville, Westport.

Not felt: Bell Springs, Bonneville, Branscombe, Calpella, Carrville, Caspar, 
Caution, Coffee, Comptche, Covello, Crescent City, Dedrick, Del Loma, Denny, 
Dos Rios, Douglas City, Elk, Forest Glen, Gualala, Hartsook, Hearst, Hoaglin, 
Hoopa City, Hyampom, Hydesville, Island Mountain, Junction City, Layton- 
ville, Lewiston, Little River, Longvale, Mad River, Manchester, Mendocino, 
Mina, Nashmead, Novarro, Orick, Philo, Point Arena, Potter Valley, Redwood 
Valley, Ruth, Salver, Santa Barbara, Smith River, Spyrock, Talmage, Trinadad,
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Trinity Center, Ukiah, Weaverville, Weitchpec, Willita, Willow Creek, York- 
ville, Zenia. Not felt in Oregon at Brookings.

January 2: 21:45. Slight shock at Humboldt and Los Gatos.
January 3: 9:36.* Aftershock of the earthquake of December 30, 1934, about 

6 miles northwest of Santa Clara.

INTENSITY V:
Santa Cruz. Moved small objects; spilled water.
Sunnyvale. Overturned small objects; spilled water north. Also felt: Agnew, 

Los Gatos, San Jose, Stanford University.
January 5: 20:05.* Epicenter near Parkfield, according to Berkeley. In 

tensity IV or V at Parkfield.
January 5: 20:25. Parkfield, IV. Shandon, very slight.
January 5: 20:40.* Epicenter near Parkfield, according to Berkeley. IV at 

Parkfield and Paso Robles. Ill at Shandon.
January 7: 18:35.* Epicenter about 3 miles northeast of Watsonville, 

according to Berkeley. IV at Hollister.
January 8: 7:50.* Epicenter about 8 miles south of Gilroy, according to 

Berkeley. Felt weakly at Hollister.
January 18: 1:43.* Epicenter 4 miles east of Colma, according to Berkeley.

III at San Francisco.
January 22: 1:28.* Epicenter 33°53' north, 118°09' west, on the Norwalk 

Fault near Norwalk, according to Pasadena. IV at Los Angeles. Felt also at 
Compton, Huntington Park, Inglewood, and Lynnwood. Not felt at Long 
Beach or Rosamond.

January 22: 19:06.* Epicenter 34°01' north, 117°25' west, according to 
Pasadena. Felt at Guasti and Riverside.

January 22: 19:16.* Epicenter about 34°35' north, 120°20' west, according 
to Pasadena. IV at Los Alamos.

January 23: 5:52.* Epicenter about 35°27' north, 119°15' west, according 
to Pasadena. V at Bakersfield, where small objects and furnishings were moved 
slightly and a few cracks were noted in an old brick building of poor construction.
IV at Delano, Ducor, Oil Center, Porteryille, and Taft. Ill and under at Button 
Willow, Caliente, Corcoran, Glennville, Tipton, and Tulare. Not felt at Lafayette.

January 27: 21:34.* Epicenter 33°38' north, 118°12' west, according to 
Pasadena. IV at Lomita. Ill at Long Beach and Seal Beach.

February 3: 7:35. Slight shock at Eurkea, Fields Landing, and Table Bluff 
Light Station.

February 7: 20:22.* Epicenter 35°50' north, 118°00' west, according to 
Pasadena. V at Onyx, where plaster was cracked. IV at Brown, Kernville, and 
Olancha. Ill and under at Inyokern and Springville. Not felt at Ducor.

February 14: 14:30.* Epicenter 33°42' north, 118°04' west, according to 
Pasadena. IV at Seal Beach. Ill at Long Beach.

February 23: 17:45.* Epicenter about 31°59' north, 115°12'west, according 
to Pasadena. V at Holtville, where small objects were moved and slight damage 
was done. IV at Calipatria, Campo, El Centro, Hipass, Lakeside, Moreno Dam 
and Tocato. Ill and under at Alpino, Boulevard, Del Mar, Harbison Canyon, 
and San Diego.

February 24: 6:15.* Epicenter 33°46' north, 118°07' west, according to 
Pasadena. Felt weakly at Hynes and Long Beach.

March 3: 2:19.* Epicenter near Upper Mattole, according to Berkeley. 
Recorded on the accelerograph at Ferndale. See page 62. V at Upper Mattole, 
where small objects were moved. IV at Bridgeville, Shively, South Fork and 
Whitlow. Ill and under at Ettersburg, Petrolia, and Scotia. Not felt at Eureka.

March 5: 20:52.* Epicenter near Horitos, according to Berkeley. IV at 
Ahwahnee and Chowchilla. Ill and under at El Portal, Le Grand, Merced, 
Northfork, Planada, and Raymond.

March 6: 15:14.* Epicenter about 34°26' north, 119°52' west, according to 
Pasadena. Ill at Santa Barbara.

March 7: 12:17.* Epicenter 33°47' north, 118°08' west, according to Pasa 
dena. V at Compton, where dishes were thrown from shelves and a few windows 
broken. IV at Hynes and Seal Beach. Ill and under at Long Beach, Los Angeles, 
and South Gate. Not felt at Diamond Springs or Ducor.

March 7: 19:18.* Epicenter 34°25' north, 117°52' west, according to Pasa 
dena. IV at Llano.

March 9: 2:42.* Epicenter 33°47' north, 118°08' west, according to Pasadena. 
Felt weakly at Long Beach.

March 14: 18:25.* Epicenter 33°40' north, 117°17' west, according to 
Pasadena. Ill at Elsinore.
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118°

32

116 C

FIGURE 8. Areas affected by the California earthquakes of January 2, June 19,19, July 13, October 
24, 25, and November 3, 1935.



U\ITI<:i> STATUS KAKTIIQIJAKUS, l!>3,r> %$

June 17: 20:15.* Epicenter 2 miles southeast of (lilroy, according to Berkeley. 
IV at Hollister.

June 19: 1:55.* Epicenter in northern Owens Valley, according to Berkeley. 
Felt over an area of about 13,000 s<|uare miles, as shown on map on page 31.

INTENSITY V:
Huntinglon Lake.- -Water spilled in an east-west direction. Two shocks 

noticed.
Laws. Frightened many.
Terra liclla. Small objects moved; plaster cracked.
Intensity IV: Big Pine, Bishop, Delpiedra, Friant, Ilanford, Lakeshore, 

Miramonte, Mountain View, Orange Cove, Sanger, Shaver Lake, Tnlare.
Intensity 111 and under: Balch power house on Kings River, Bass Lake, Big 

Creek, Bowles, Barrel, Coalinga, Corcoran, Crane Valley, Del Rey, Diiuiha, 
Dunlap, lOarlimart, Firebaugh, Fresno, Kaweah, Kirehhoff power house, on the 
San Joaquin River, Laton, Lemon Cove, Lone Pine, North Fork, Porterville, 
Selma, Sequoia National Park, Stratford, Visalia.

Not felt: Academy, Alpaugh, Armona, Duberry, Badger, Diola, California Hot 
Springs, Calwa City, Camp Sierra, Cartajo, Carutliers, Cedar Crest, Clovis, 
Coarsegold, Cutler, Danvin, Deep Springs, Dinuba, Ducor, Farmersville, Figardcn, 
Fowler, Helena, Herndon, Huron, Independence, Ivanhoe, Kearnev Park, Kettle- 
man City, Lemoore, Lindsay, Mendota, Mineralking, Reedley, Oilfields, Olaiicha, 
Oleander, Orosi, Parlicr, Pinedale, Pineridge, Posey, Raisin, Riehgrovc, Riverdale, 
San Joaquin, Shoshone, Strathmore, Sultana, Tecopa, Three Rivers, Tipton, 
Tollhouse, Tran(|iiility, Traner, Waukena, Westhaven, Woodlakc, Ycttem.

June 19: 2:07.* Aftershock of the preceding. IV at Big Pine and Bishop.
June 19: 2:30. Felt at Big Pine and Bishop.
June 19: 3:17.* Intensity V; center on the Klsinorc fault. Located by 

Pasadena at 33°43' north, 117°31' west. Felt over a land area of about 5,000 
square miles, as shown on map on page 31.

INTENSITY V:
Hhinore.- --Felt by all. Shock was followed ji few minutes later by another 

lighter shock.
La yc/v/e. -Awakened all.
Norco. Awakened all; frightened few.
Ontario. -Awakened all but heavy sleepers; frightened few.
P<\la. Awakened many; frightened no one. Terrible rumbling noise reechoed. 

Bed moved.
Intensity IV: Anahcim, Balboa, Claremont, Ftiwanda, Iluntington Beach, Los 

Angeles, Moreno, Pomona, Santa Ana.
Intensity 111 and under: A/usa, Brea, Cajoii Pass, Cucamonga, Del Rey, 

Fullerton, Hemet, Laguna Beach, Oceanside, Perris, Riverside, San Bernardino, 
San Jacinto, Whit tier.

Not felt: Big Creek, Ili.:itingtou, Posey, Seven Oaks, Shaver Lake.
June 19: 3:21.* Seal Beach, slight. Aftershock of the preceding quake.
June 19: 5:00. Slight shock a< Big Pine and Bishop.
June 19: 5:21.* Fpieenter about 37°15' north, 11S°22' west, according to 

Pasadena. IV at Laws.
June 21: !):17 and <):-10. Mt. Lassen emitted a puff of steam followed by two 

earthquakes.
June 22: <):25.* Epicenter about 32°30' north, 117°50' west, according to 

Pasadena. Felt at Mission Hills and San Diego.
June 27: 3:44.* Focus about 4 miles from the University of California 

campus, according to Berkeley. Felt at Berkeley, North Oakland, and Oakland.
June 30: 7:25.* Epicenter about 2 miles northeast of Niles, according to 

Berkeley. IV at East Oakland and Niles.
June 30: 15:2$.* Epicenter probably a few miles southeast of Saliuas, accord 

ing to Berkeley. Ill at llollister.
July 3: 7:20. A short sharp earthquake felt throughout Washington Township 

and in Berkeley and Oakland.
July 11: 16:04.* Epicenter about 30 miles Iroin Fcrudale, according to Berke 

ley. IV at Briceland, Forest C!len, Scotia., and Whitlow. III and under at Ferndale, 
Fortuna, Petrolia, and Upper Mattole.

July: Various dates prior to July 13: Los Alamos. Loud reports with slight 
shocks hi the evenings.

July: During the <» weeks prior 1o July 13: Weldon. Several quakes, two of 
them "severe" but without damage.
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July 13: 2:54.* A shock reaching intensity V in the Los Angeles region 
located by Pasadena at 34°10' north, 117°52' west, and felt over a land area of 
about 14,000 square miles; see map page 13. Recorded on accelerographs at Los 
Angeles. See page 62.

INTENSITY V:
Azusa. Awakened many; frightened some.
Burbank. Roaring sounds. Felt by many; frightened few.
Corona. Felt by all; awakened many; frightened many.
Downey. Desk lamp overturned.
Duarte. Frightened all.
Long Beach. Awakened many or all.
More.no. "Plaster cracked; walls fell; no damage."
Palmdale. Felt by many; awakened many; frightened many.
Pasadena. Awakened many; frightened few.
San Dimas. Awakened all; frightened all.
Tujunga. Frightened many; spilled water from outdoor containers.
Intensity IV: Alhambra, Balboa, Baldwin Park, Beverly Hills, Buena Park, 

Camp Baldy, Cajon, Claremont, Compton, Concepcion, Costa Mesa, Del Rosa, 
Elsinore, Gontana, Garden Grove, Glendale, Hollywood, Glendora and vicinity, 
Huntington Beach, Huntington Park, Hynes, La Crescenta, Mentone, Montebello, 
Newport Beach, North Hollywood, Olive View, Ontario, Perris, Pelan, Placentia, 
Pomona, Puente, Redondo Beach, Riverside, San Gabriel, Saugus, Santa Fe 
Springs, Seal Beach, Sierra Madre, Tustin, Upland, Van Nuys, Victorville, 
Whittier.

Intensity III and under: Acton, Anaheim, Banning, Beaumont, Castaic, 
El Segundo, El Toro, Fillmore, Fullerton, Glendale, Hemet, Inglewood, Lake 
Arrowhead, Llano, Los Alamitos, Los Angeles, Lucerne Valley, Mojave, Moneta, 
Norwalk, Olive, Orange, Oxnard, Palm Springs, Piru, Redland, Rialto, Rosamond, 
San Bernardino, San Fernando, San Jacinto, San Juan Capistrano, Santa Barbara, 
Santa Monica, Santa Paula, Seven Oaks, Temecula, Torrance, Venice, Weldon, 
Wilmington.

Not felt: Bakersfield, Camarillo, Cantil, Carpinteria, Helendale, Laguna, Los 
Almos, Maricopa, Maywood, Newhall, Ojai, Simi, Tehachapi, Twentynine Palms, 
Ventura, Westminister, Wheeler Springs.

July 13: Two reports of weak shocks at Los Angeles, one at 3:57 and the other 
near 4:00. (If the time on these two reports is erroneous, they may apply to the 
shock of 2:54.)

July 14: 2:55. San Dimas; plaster cracked, damage slight. (If the date of 
this report is erroneous, it may apply to the shock of July 13, 2:54.)

July 14: 22:29.* Elsinore fault near Murrieta. Located by Pasadena at 
33°32' north, 117°09' west. Felt at Elsinore.

July 18: 17:22.* Epicenter very probably near Keddie, according to Berkeley. 
VI at Keddie and Paxton. V at Quincy and Taylorsville, where small objects 
were moved; slight damage at Taylorsville. Felt from Chilcoot to Storrie.

July 20: 20:21. Huntington Beach; slight. Recorded on the seismograph of 
M. G. Murray at Huntington Beach.

July 20: 20:22. Huntington Beach; slight. Recorded on the seismograph of 
M. G. Murray at Huntington Beach.

July 20: 20:41.* Off Newport Beach. Felt near Huntington Beach. Located 
by Pasadena at approximately 33°36' north, 11S°00' west.

* July 20: 20:42.* Off Newport Beach. Felt near Huntington Beach. Located 
by Pasadena at approximately 33°36' north, 11S°00' west.

July 20: 21:15. Huntington Beach, slight. Recorded on the seismograph of 
M. G. Murray at Huntington Beach.

July 20: 21:52.* Off Newport Beach. Felt near Huntington Beach. Located 
by Pasadena at approximately 33°36' north, 118°00' west.

July 21: 14:08.* Off Huntington Beach. Located by Pasadena at approxi 
mately 33°37' north, 118°02' west. Felt weakly at Huntington Beach, Santa 
Ana, and Tustin.

July 21: 14:16.* Off Newport Beach. Located by Pasadena at 33°35' north, 
118°00' west. Felt weakly at Huntington Beach.

July 23: 11:11.* Southeast of Brawley. Located by Pasadena at 32°55' 
north, 115°28' west. IV at Brawley. Ill at El Centro.

July 24: 3:00. Slight shock at Lancaster, Paimdale, and Antelope Valley in 
general.

July 24: 20:16.* Parkfield, V. Small objects were moved slightly.



UNITED STATES EARTHQUAKES, 1935 35

July 26: 15:07.* Epicenter about 5 miles east of Paicinea, according to 
Berkeley. Felt sharply at Mulberry. Not felt at Sandberg.

July 27: 22:00.* Near San Simeon. Located by Pasadena at 35°42' north, 
12l°07' west. Felt weakly at San Simeon and King City.

July 29: 4: . Felt throughout the Eureka area. Stopped delicate clocks. 
No damage.

August 6: 11:05.* Near Santa Barbara. Located by Pasadena at approxi 
mately 34°37' north, 119°37' west. Ill at Santa Barbara.

August 7: 19:30.* Near Spadra. Located by Pasadena at 34°02' north, 
117°48' west. Felt weakly at Ontario.

August 9: 9:14.* Epicenter probably not far from Priest Valley, according 
to Berkeley. Felt in King City and Priest Valley.

August 18: 19:22.* Approximately 18 kilometers north of Escondido. Felt 
there. Located by Pasadena at approximately 33°15' north, 117°05' west.

September 2: 22:47.* San Jacinto fault near Riverside and San Bernardino. 
Epicenter 34°02' north, 117°19' west, according to Pasadena. Minor damage 
near epicenter. IV at Cedarpines Park, Mentone, Ontario, San Bernardino, San 
Dimas, Santa Ana River No. 1, Seven Oaks, and Venice. Ill and under at 
Hemet, La Verne, and Victorville. Not felt at Huntington Park.

September 8: 6:40.* San Andreas fault zone vicinity of Holtville. Located 
by Pasadena at approximately 32°54' north, 115°13' west. IV or V at El Centre, 
where it was felt by all and frightened some. Operated the accelerograph. See 
page 64. Felt moderately throughout the county. IV at Imperial. Felt at 
Brawley with moderate intensity.

September 8: 9:03*. San Andreas fault zone vicinity of Holtville. Located 
by Pasadena at approximately 32°54' north, 115°13' west. At El Centre the 
earthquake was felt by many and operated the accelerograph. At Imperial the 
observer estimated the intensity at VI on the Rossi-Forel scale. Felt at Brawley 
with moderate intensity.

Septembers: 10:51.* San Andreas fault zone vicinity of Holtville. Located 
by Pasadena at approximately 32°54' north, 115° 13' west. At El Centre this 
shock was slightly sharper than the preceding two shocks. At Imperial observer 
estimates intensity at IV on the Rossi-Forel scale. "Sharp jolt" at Brawley.

Septembers: 14:09.* San Andreas fault zone vicinity of Holtville. Located 
by Pasadena at approximately 32°54' north, 115°13' west. Imperial, III.

Septembers: 14:37.* San Andreas fault zone vicinity of Holtville. Located 
by Pasadena at approximately 32°54' north, 115° 13' west. Imperial, III.

September 8: El Centro, other shocks than the above felt at various times 
during the day. Imperial, at least 5 shocks of intensity II scattered through 
the day in addition to those reported above.

September 9: 4:37.* San Andreas fault zone vicinity of Holtville. Located 
by Pasadena at approximately 32°54' north, 115°13' west. Imperial, IV.

September 9: 8:38.* San Andreas fault zone vicinity of Holtville. Located 
by Pasadena at approximately 32°54' north, 115°13' west. Imperial, III.

September 10: 0:08.* San Andreas fault zone vicinity of Holtville. Located 
by Pasadena at approximately 32°54' north, 115° 13' west. Imperial, IV or V.

September 10: 15:55.* Localized earthquake of intensity V-VI in the Berke 
ley region. Focus about 4 miles from the University of California campus, 
northwest and down, probably on the Hayward fault, according to Berkeley. 
V at Berkeley and Cowell. IV at Sunnyvale. Ill and under at Alameda, Angel 
Island, Corte Madera, Hercules, Lafayette, Moraga, Mount Eden, Oakland, 
Port Costa, Rockaway Beach, Rodeo, San Francisco, Sunnyvale, Tiburon, and 
Woodacre. Felt, intensity not reported, at Saint Helena.

Not felt: Alviso, Antioch, Bay, Belmont, Belvedere, Bethany, Birds Landing, 
Bodega, Bolignas, Brentwood, Burlingame, Brisbane, Byron, Calistoga, Center- 
ville, Clarksburg, Clay, Clements, Concord, Collinsville, Cordelia, Courtland, 
Cupertino, Daly City, Danville, Decoto, Diablo, Dixon, Elmira, El Granada, 
Elk Grove, Fairfax, Fairfield, Falon, Forest Knolls, Franklin, Fulton, Gaul, 
Half Moon Bay, Hayward, Holt, Hood, Ignacio, Isleton, Kenwood, La Honda, 
Larkspur, Lathrop, Lagunitas, Livermore, Locke, Lockeford, Lodi, Los Altos, 
Los Gatos, Manor, Manteca, Menlo Park, Milpitas, Montecello, Moss Beach, 
Mafa, Newark, Niles, Novato, Oakland, Oakville, Occidental, Olemo, Penngrove, 
Pinole, Petaluma, Pittsburg, Pleasanton, Pope Valley, Port Chicago, Redwood 
City, Ross, Rutherford, Salada Beach, San Bruno, San Carlos, San Gregorio, 
San Geronimo, San Jose, San Mateo, San Pablo, San Rafael, San Ramon, Sausa- 
lito, Santa Rosa, Sebastopol, Sonoma, South San Francisco, Stinson Beach, 5 
miles southwest of Mountain View, Stockton, Suisun City, Sunnyvale, Thornton, 
Tomales, Tracy, Vacaville, Vallejo, Valley Ford, Victor, Vineburg, Warm Springs. 
Windsor, Woodbridge.
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September 11: 3:42.* San Andreas fault zone vicinity of Holtville. Located 
by Pasadena at approximately 32°54' north, 115°13' west. Ill at Imperial. 
Not felt at Yuma, Ariz.

September 11: 6:08.* San Andreas fault zone vicinity of Holtville. Located 
by Pasadena at approximately 32°54' north, 115° 13' west. Ill at Imperial. 
Not felt at Yuma, Ariz.

September 11: 13:21.* San Andreas fault zone vicinity of Holtville. Lo 
cated by Pasadena at approximately 32°54' north, 115°13' west. Imperial 
Valley, IV or V. El Centre, III. Yuma, Ariz., not felt.

September 15: 12:51.* Off Bolsa Chica. Located by Pasadena at 33°42' 
north, 118°04' west. IV at Huntington Beach. Ill and under at Long Beach, 
Santa Ana, and Seal Beach.

September 16: 4:28.* Epicenter 33°45' north, 117°55' west, according to 
Pasadena. V at Placentia, where all were awakened and few frightened. IV at 
Anaheim, Fullerton, El Modena, Santa Ana, and Yorba Linda. Ill and under 
at Huntington Beach, Orange, and Seal Beach. Felt, intensity not reported, at 
Brea.

October 11: 6:06.* Epicenter about 32°54' north, 115°13' west, according 
to Pasadena. Campo, slight.

October 11: 22:03.* Epicenter about 32°56' north, 116°15' west, according 
to Pasadena. Campo, felt by all; frightened no one; pendulum clocks did not 
stop. Mount Laguna, IV.

October 14: 1:36.* Epicenter 34°11' north, 117°20' west, according to 
Pasadena. Hemet, felt. San Bernardino, slight.

October 14: 7:50.* Epicenter 33°10' north, 116°25' west, according to Pasa 
dena. Julian, IV.

October 18: 1:24.* Parkfield, IV. Probably an aftershock of the earth 
quake of June 7, 1934, a few miles north of Parkfield, according to Berkeley.

October 18: 2:47.* Sierra, Nev. Northwest of Kernville. Epicenter about 
35°48' north, 118°31' west, according to Pasadena. Bakersfield, IV. Kernville, 
III or IV.

October 18: Morning, later than preceding shock. Bakersfield, felt. Weaker 
than the preceding shock.

October 22: 10:37.* Near Parkfield. Epicenter about 35°56' north, 120°29' 
west, according to Pasadena. Parkfield, duration three seconds; walls and frames 
creaked.

October 24: 6:42. Twentvnine Palms. "Felt."
October 24: 6:48.* Mill Creek fault. Located by Pasadena at 34°06'north, 

116°53' west. Maximum intensity, V. Felt over a land area of about 29,000 
square miles in southern California, as shown on map, page 31. Recorded on 
accelerograph in Los Angeles. See page 66.

INTENSITY V:
Beaumont. Landslides occurred on southwestern slopes of Mt. San Gorgonio.
Cajon. Awakened all; frightened no one.
East Highlands. Moved small objects. Plaster cracked slightly, and some 

fell. Main shock preceded and followed by slight tremors.
Seven Oaks. Felt by all. Followed by tremors for 24 hours.
Twentynine Palms. Small objects moved; slight damage. More severe twenty 

miles farther west.
Yucaipa. Felt by all.
Intensity IV: Anaheim, Banning, Elsinore, Fullerton, Hemet, Indio, La 

Crescenta, Los Angeles, Lucerne Valley, Ludlow, Mecca, Palm Springs, River 
side, San Dimas, and Victorville.

Intensity III and under: Cardiff-by-the-sea, Glendale, Huntington Beach, 
Huntington Park, Llano, Long Beach, Needles, Oceanside, Ontario, Pala, Rosa 
mond, San Diego, San Marcos, Warner Springs, Yorba Linda.

Not felt at Venice.
October 24: 6:51.* Aftershock of the preceding, according to Pasadena. IV at 

Beaumont, Hemet, Laguna Beach, Riverside, and San Diego. Ill and under at 
Cajon, East Highlands, and Long Beach.

October 24: 6:52.* Another aftershock of the earthquake at 6:48, according 
to Pasadena. V at Mentone, where all felt the shock and many were frightened, 
and at San Diego. IV at Hemet, Laguna Beach, and Winchester. Ill at 
Beaumont, Cajon, Muroc, Santa Ana River, and Twentynine Palms.

October 24: 6:57.* Aftershock of the earthquake at 6:48, according to 
Pasadena. Beaumont, IV; Mentone, III.

October 24: 7:06.* Aftershock of the earthquake at 6:48, according to 
Pasadena. Banning, IV.
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October 24: 7:27.* Aftershock of the earthquake at 6:48, according to 
Pasadena. Felt weakly at East Highlands and Hemet.

October 24: 8:16.* Aftershock of the earthquake at 6:48, according to 
Pasadena. Felt weakly at East Highlands.

October 24: 8:35.* Aftershock of the earthquake at 6:48, according to 
Pasadena. Felt weakly at East Highlands.

October 25: 11:43.* San Benito, IV. Epicenter about 13 miles west of 
Soledad, according to Berkeley.

October 25: 12:44.* Weak shock at Gilroy and Morgan Hill. Foreshock of 
the next, according to Berkeley.

October 25: 12:56.* San Andreas fault near Watsonville. Epicenter about 4 
miles south of Gilroy, according to Berkeley. Felt in an elongated area along 
the fault as shown on map on page 32. Maximum intensity IV ?. Felt over a 
land area of about 3,300 square miles.

Intensity IV: Hayward, Hollister, Watsonville.
Intensity III and under: Aptos, Castroville, Colma, Coyote, Daly City, Gilroy, 

Los Gatos, Madrone, Morgan Hill, Mountain View, Five miles southwest of 
Mountain View, Redwood City, San Francisco, San Jose, San Juan Bautista, 
Santa Clara, Santa Cruz, Saratoga, Soquel.

October 26: 2:46.* Hollister, slight. Aftershock of the preceding according 
to Berkeley.

October 27: 18:50. Eureka, IV. Fields Landing III.
October 27: 19:20.* Near Long Beach. Epicenter about 33°47' north, 

118°08' west, according to Pasadena. Long Beach, slight.
October 29: 2:17.* Off coast of Lower California. Epicenter about 32°10' 

north, 117°40' west, according to Pasadena. IV at Campo and San Diego. Ill 
and under at Barrett Dam, Cardiff-by-the-sea, and Newport Beach.

November 3: 19:55.* Agua Caliente fault, vicinity of Aguanga. Felt over a 
land area of about 8,600 square miles as shown on map on page 32. Epicenter 
33°30' north, 116°55' west, according to Pasadena. Laguna Beach, V. Quake 
was very slight. Water main broken; no other damage. IV at Hemet, Seal 
Beach, and Warner Springs. Ill and under at Anaheim, Costa Mesa, Fallbrook, 
Hodges Dam, Huntington Beach, Los Angeles, eight miles east of Mecca, New 
port Beach, San Clement, San Diego, and San Juan Capistrano. Not felt at 
Ducor.

November 3: 23:14.* Aftershock of the earthquake at 19:55, according to 
Pasadena. Hemet, slight.

November 7: About 3: . Five miles southwest of Mountain View, IV.
November 8: 2:02.* Aftershock of the earthquake of November 3, according 

to Pasadena. Hemet, IV.
November 23: 16:12.* Near Santa Ana. Epicenter 33°40' north, 117°50' 

west, according to Pasadena. IV at Santa Ana and Tustin. Ill and under at 
Anaheim, Huntington Beach, and Laguna Beach.

November 27: 1:28.* Epicenter 33°39' north, 117°04' west, according to 
Pasadena. San Jacinto Valley, "pronounced quake." No damage.

November 27: 6:13.* Epicenter 33°39' north, 117°04' west, according to 
Pasadena. San Jacinto Valley, "pronounced quake." No damage.

December 15: 11:51.* Vicinity of Chino. Epicenter about 34°06' north, 
117°41' west, according to Pasadena. Upland, slight.

December 19: 23:45.* Imperial Valley. Epicenter about 33°10' north, 
115°30' west, according to Pasadena. Recorded on the accelerograph at El Centro. 
At El Centro a few rushed out. IV at Imperial. Ill and under at Mission Hills, 
National City, and San Diego. See page 80.

December 19: 23:48. El Centro. A few people rushed out; no damage in 
El Centro or surrounding territory. At San Diego small objects moved.

December 25: 9:15.* Off Newport Beach; epicenter 33°36' north, 118°01' 
west, according to Pasadena.

INTENSITY V:
Avalon, Catalina Island. Frightened many. Some ran outdoors.
Huntington Beach. Small objects moved. Water spilled south.
Intensity IV: Fullerton, Long Beach, Newport Beach, Placentia, Santa Ana, 

Seal Beach, Tustin.
Intensity III and under: Huntington Park, Laguna Beach, Los Angeles, Wil- 

mington.
December 27: Susanville. Two slight shocks, the first in the middle of the 

night and the second about 7 a. m.
December 29: Mullett Island, Salton Sea. Observer thrown from bed. 

Steam well which had been spouting for several years has ceased to spout since the 
earthquake.
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WASHINGTON AND OREGON

120th meridian or Pacific standard time] 

All places mentioned are in Washington unless otherwise indicated

Februarys: 5:20. Grape view, IV.
February 16: 22:07. Darrington, III. Windows rattled. 
July 9: 14:45. Chelan Falls, IV or V; felt by all and frightened many. IV 

at Waterville; III at Lakeside.
July 24: 7:14. Shelton. Felt by several; frightened no one.
October 11: 17:03. Entiat, IV or V.
October 24: 3:57. Ellensburg, weak.
October 31: Between 3 and 4 a. m. Wenatchee, slight.
November?: 17:57. Entiat. Just a rumble.

ALASKA

[150th meridian time]

January 1: 19:43. Susitna. Felt, no details.
January 4: 14:00 and 20:00. Haines.
January?: 2:00. Seward.
January 12: 20:25. Haines.
January 22: 21:24.* Dutch Harbor, fairly strong. No damage. Epicenter 

52.°4N., 170.°OW.
January 24: 8:32. Anchorage. Slight.
January 28: 18:38. Anchorage. Slight.
February 23: 23:35. Dutch Harbor. Slight.
March 30: 14:40. Homer. Felt by few.
March 30: 23:45. Homer. Felt by few. Rattled windows; hanging objects 

swung; no damage.
AprilS: 21:16. Susitna.
April 9: 21:25. Anchorage. Two distinct earthquakes believed to be result 

of volcano eruptions on Augustin Island, Cook Inlet. Noticed in many parts of 
the city; no damage.

April 10: 2:30. Seward.
April 10: 14:24. Seward. Slight.
April 18: 22:12. Afognak. Distinct shock.
April 21: 5:30. Seward.
April 21: 5:45. Seward. Shaken by quite a heavy shock; no damage.
May 18: 21:30. Annex Creek. Two slight earth tremors between 9:30 and 

10:00 p.m.
May 28: 22:35. Susitna. Light earthquake.
June 11: 21:27. Afognak. Light earthquake.
June 19: 21:30. Kennecott. Gentle east-west motion.
July 5: 17:32.* Haines, felt by several. Felt also in region of upper Lynn 

Canal.
July 5: 18:20. Haines. Felt by several.
July 14: Anchorage. Augustine Volcano reported to have blown off a sec 

tion of the top cone; steam and smoke hurled high in air; lava running down sides.
August 3: 23:32. Anchorage. Slight.
August 3: 23:42. Kodiak. Felt by several.
August 4: 24:00. Matanuska.
August 14: 18:43. Afognak. Heavy earth shock accompanied by roar; felt 

by all.
August 14: 18:52. Kodiak. Two abrupt shocks, very much like an ex 

plosion, felt by entire population. Children sitting on ground felt it move; 2 
cupboard doors swung open.

August 17: 15:01}4. Anchorage, IV.
August 23: 12:05. 'Susitna. Strong shock.
August 23: 12:08. Seward. "Rather severe" quake lasting 1 minute.
August 23: 12:09}£. Anchorage. Small objects moved and overturned; 

knick-knacks fell. Awakened many; frightened few; no damage.
August 23: 12:11. Valdez. Moderate earthquake felt by many. Pendulum 

clocks stopped; no damage.
August 28: Seward. Second earthquake in two days. Felt also at Anchorage.
September 3: 15:25. Nenana and Flat. Slight shock.
September 22: 7:30. Ruby.
September 23: 21:09. Susitna.
October 13: 2:13. Kodiak. Two shocks of intensity III or IV.
October 26: 9:15. Valdez. Light tremor.
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November 6: 14:35. Cordova. Felt by observer. Duration about one 
minute.

November 6: During night. Two shocks felt by observer at Valdez.
November 17: 0:00. Matanuska. Slight.
December 18: 16:15. Susitna. Light tremble.
December 24: 23:30. Talkeetna. Light shock.
December 24: 20:34. Seward. Light shock.
December 26: Seward. Two sharp quakes. Buildings rocked; windows 

rattled; no damage.
HAWAIIAN ISLANDS

;lo7j2th meridian (west) timel

NOTE. In the case of these islands with their many earthquakes of volcanic origin, only the more severe 
ones are listed. Keports of the Hawaiian Volcano Observatory, Hawaii, give all details. During 1935 the 
observatory was transferred from the United States Geological Survey to the National Park Service.

January 2: 6:47.* Moderate shock centering under the TJwekahuma rim of 
Kilauea crater, at 19°25!5 north, 155°17' west, at a depth of 2 miles, according to 
the Hawaiian Volcano Observatory. Felt generally over the island of Hawaii. 
Smashed dishes and pictures, and started a landslip in Halemaumau.

June 25: 0:45.* Moderate earthquake located by the Hawaiian Volcano 
Observatory at 19°26.5' north, 155°16.5' west, under the north rim of Kilauea 
Crater, at a depth of 2 or 3 miles. Awakened people generally on the south half 
of the island.

June 28: 9:00.* Moderate to strong; focus at 19°36' north, 155°11' west, 
at a depth of 5 miles, on the Mauna Loa northeast rift, according to the Hawaiian 
Volcano Observatory. The quake did some damage in Hilo and was felt generally 
on Hawaii.

September 30: 22:36.* Moderate shock felt generally on the island of 
Hawaii. Location 30 miles deep under the southwest rift of Mauna Loa at 
19°22' north, 155°39.5' west, according to the Hawaiian Volcano Observatory.

September 30: 23:o&.* Moderate to strong earthquake felt over the entire 
island of Hawaii. Location 17.4 miles deep under the northeast slope of Mauna 
Loa at 19°38.7' north, 155 C 26.3' west, according to the Hawaiian Volcano 
Observatory.

October 1: 0:02.* Moderate shock generally felt as a continuation of the pre 
ceding one. Focus probably under the Mauna Loa rift system, according to the 
Hawaiian Volcano Observatory.

October 1: 10:22.* Moderate shock felt in Hilo and in the Kilauea district. 
Located by the Hawaiian Volcano Observatory under the northeast rift zone of 
Mauna Loa fifteen miles southwest of Hilo, at~19°38.3' north, 155°19.2' west.

November 21: 1:11.* Moderate earthquake generally felt on the island of 
Hawaii and at some places on other islands. Broke one window at the Kapapala 
ranch. Located by. the Hawaiian Volcano Observatory in the northeast rift of 
Mauna Loa at 19 C 31' north, 155°31.5' west; depth probably less than 5 miles. 
Caused by opening of the northeast rift, which resulted in the Mauna Loa erup 
tion 17 hours later. Further shocks of slight intensity occurred with the eruption.

High seas caused some damage on the beach at about the time of the earth 
quake, but the tide gage record at Honolulu showed no evidence of a seismic 
soa wave.

PHILIPPINE ISLANDS

[ 120th meridian (east) time]
NOTE. The semiannual report from Manila for the first but not for the second half of the year is avail 

able as this report groes to pre<.-, S'et pace 1.

January 8: 20:52. :f Northwest Luzon. Some damage in Laoag; felt in Vigan.
Januay 25: 10:02. Daet. Camarines Norte, intensity V Rossi-Forel.
February 1: 5:10. Romblon, Romblon. "Strong earthquake with sli ght rep 

etition about 5 minutes later.''
February 8: 1:30.* Southern and southeastern Luzon, centering at 12°40' 

north, 121°50' east, at a depth of about 60 kilometers, according to Manila. 
Very strong in the neighborhood of Romblon. Felt over an area of about 250 
kilometers radius. Intensity III Rossi-Forel at Manila.

April 3: 19:11.* Tacloban, intensity VII-VIII Rossi-Forel. Center in the 
Gulf of Leyte, according to Manila. Felt throughout southern Samar and eastern 
Leyte. An aftershock was felt in Tacloban and Borongan.

April 24: 8:34.* Western Luzon. Felt from Baguio to Manila. Epicenter 
probably in the China Sea, according to Manila.

May 19: 6:06. Cagayan, Oriental Misamis, V Rossi-Forel.
May 24: 13:37.* Eastern Visayas and Mindanao, very strong. Epicenter 

11°15' north, 126°05' ea-t, according to Manila. Intensity VI-VII Rossi-Forel
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in Guiuan, Borongan, and Tacloban. General panic and some damage in these 
towns. Felt over an area of 450 kilometers radius. Many aftershocks.

June 4: 16:36.* Tacloban, Leyte; intensity V Rossi-Forel.
August 1: 22:07.* Philippine Deep, about 10 ; 30' north, 126°25' east, ac 

cording to Manila. Felt strongly in Samar.
September 1: 1:17.* Guiuan and Tacloban, intensity V Rossi-Forel.
October 15: 3:47.* Epicenter in Lingayen Gulf, according to Manila. In 

tensity VI Rossi-Forel at San Fernando. La Union. Felt over western Luzon 
from Vigan, Ilocos Sur, to Manila. Aftershock 4 minutes later.

PUERTO RICO

[60th meridian time]

January 10-31: Blasting in San Juan Harbor. Mo^t blasts small; one, at 
14:45 on January 10, consisted of 700 pounds of clvnamite. 

August 29: 7:24.* San Juan, slight. 
September 18: 21:37.* San Juan.

PANAMA CANAL ZONE

[75th meridian umej

April 27: 21:36. Felt weakly at Balboa.
June 16: 14:29. Felt weakly at Balboa.
July 25: 23:43.* Balboa Heights, II to III. Destructive in Chiriqui Province, 

Republic of Panama. Recorded on the seismograph at Balboa Heights. Epi 
center believed to be same as that of the destructive shocks of July 17 and 21, 
1934, centering at sea off Panama at 8.0 D north, 82.5 : west.

November 29: 22:40.* Felt throughout the Canal Zone and the Republic of 
Panama. V at Balboa, where hundreds ran into the streets and a few buildings 
were cracked. No serious damage to the Panama Canal was reported.

December 11: 23:36.* Felt by a few people in the Canal Zone.



MISCELLANEOUS ACTIVITIES

GEODETIC WORK

During the year 1935 the following leveling was run for the purpose 
of detection of earth movements or in preparation for future earth 
quake investigation:

(1) Settlement investigation, vicinity of San Jose, Calif., spring 1935.
(2) Earthquake investigation, cross lines in Southern California.

The leveling in the vicinity of San Jose was the third complete 
leveling of the net which was established for the investigation of ab 
normal settlement in the area centered around San Jose.

The cross lines in southern California consisted of eight lines crossing 
known faults, and averaging 10 miles in length, 5 miles on each side 
of the fault. The benchmarks were placed 100 feet apart in the first 
mile, with an increase of 100 feet in the difference between marks for 
each mile of progress away from the fault.

The results of the leveling in the vicinity of San Jose, and in southern 
California, have not been fitted to the first-order level net, and, there 
fore elevations are not available for publication.

There was no triangulation in 1935 for earthquake investigation.

TIDAL OBSERVATIONS

No tidal disturbances of seismic origin were noted on the gages of 
the Bureau and cooperating stations during the year.

HYDROGRAPHIC WORK

Vessels of the Coast and Geodetic Survey are directed to make 
reports of visible or felt effects of earthquakes. No shocks were 
reported.
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THE HELENA, MONT., EARTHQUAKES OF OCTOBER AND NOVEMBER
1935

The earthquakes at Helena, Mont., in 1935, must be ranked among 
the most important of the United States because of their destructive- 
ness. History records many shocks just as severe and as widespread 
as the strongest at Helena, nevertheless, the Helena shocks were ex 
ceeded in destructiveness only by the Charleston earthquake of 1886, 
the California earthquake of 1906, and the Santa Barbara and Long 
Beach earthquakes of 1925 and 1933, respectively. This must be 
attributed to the nearness of Helena to the epicentral region. In 1869 
and 1872 shocks of nearly similar intensity shook Helena; and the city 
was also affected by the more severe shock of 1925 which centered in 
the Manhattan-Lombard region 60 miles southeast; but this com 
pletes the list of destructive Montana earthquakes. These disturb 
ances together with occasional shocks of lighter intensity mark wrestern 
Montana as a seismically active region.

Times of major shocks. The first sign of impending danger came at 
7:47 p. m. on October 3 in the form of a hard vertical jolt. Shocks 
then continued intermittently until after midnight of the llth. At 
0:50:39 on October 12, M. S.'T., the first destructive shock occurred. 
There was then a more or less active lull until October 18, when, at 
21:48:02, the strongest shock of the entire series drove many who had 
just retired into the streets. After a steady stream of aftershocks a 
major disturbance of almost equal intensity occurred on October 31 at 
11:37:47, just before noon. There was a cessation of major activity 
until November 28 when two sharp disturbances, at 7:41:48 and 
7:41:58, again jolted residents. The four shocks of October 12, 18, 31, 
and November 28 were recorded clearly on the seismograph at Boze- 
man (Montana State College) making it possible to calculate the times 
of origin quite accurately. After November 2S there were no strong 
shocks until February 13 when Helena again suffered minor damage.

The times of occurrence of all shocks felt in Helena were recorded by 
W. E. Maughan in charge of the local office of the United States 
Weather Bureau at Helena. His list of shocks is described on page 56.

Intensities and isoseismal maps. The following intensities have been 
assigned to the four strongest shocks of the series. The areas affected 
by the shocks of October 12 and November 28 are indefinite.

Date

Oct. 12............ ..
Oct. 18. .._.........._

Intensity

VI to VII...
VIII.. ......

Area affected

Square miles 
70,000

230, 000

Date Intensity

Oct. 31......... ...... VIII......
Nov. -2->.. ........... VI to VII...

Area affected

Square miles 
140,000
90,000

W. E. Maughan lists as "strong" shocks, or "greater than strong" 
56 shocks out of 709 observed in October: 12 out of 370 in November, 
and none out of 266 in December. A total of 1,347 shocks are listed 
up to the end of 1935.
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More than 800 questionnaires were distributed in the region affected 
by the major shocks of October IS and 31. Through tbe courtesy of 
the Dominion Observatory, Ottawa, Canada, the affected area north 
of the border was canvassed and the data made available for publica- 
tion in this report. In the cases of the destructive foreshock of Octo 
ber 12 and the aftershock of November 28 coverage of the affected 
areas was not so complete. The maps on pages 20 and 2G which were 
prepared in the Washington oilicc of tbe Coast and Geodetic Survey 
show that the area affected by the shock of October 18 was slightly 
greater than that of October 31.

The differences in the anomalies shown on the two maps are quite 
obvious. They may be due in part to matters of judgment in drawing 
the isosoismals. They take on a more significant aspect, however, 
when it is recalled that the amplitude of the first impulse on the seis 
mograph at Hoxcman on October 31 is four times greater than on 
October 18, although the remainder of the records are quite similar 
with respect to average amplitude and duration. Tliis seems to indi 
cate that the movements wore quite dissimilar especially with respect 
to direction, and this may account for the differences in the anomalies.

The maps are especially interesting in that coverage is fairly com 
plete, though not ideal, and the shocks are known to bo definitely of 
shallow focus type. A. Dlako of the Bureau's seismological staff used 
the maps to investigate methods of determining focal depth, especially 
by Gassmann's formula (sec Jahresborich des Schweixcrischon Krd- 
bebendicnsts, 1925) and a modification of it (see Transactions of the 
American Geophysical Union, 1U37, pt. 1, p. 120). The calculated 
depths ranged from 7 to 30 kilometers and wore consequently incon 
clusive. It appears, however, that further investigation of the criteria 
used in constructing isoscismal maps may eventually load to satisfac 
tory results. As stated on page 45 tho instrumental data combined 
with geological evidences point to a focal depth of 5 kilometers or less.

A summary of the intensities assigned to tho towns reporting the 
shocks, with the outstanding features enumerated for those in the 
higher brackets, will bo found elsewhere in this publication. Un 
abridged information obtained by means of the canvasses will be found 
in the mimeographed "Abstracts of Earthquake Reports" available 
cither from the Washington oHicc of the Survey or from its Field Sta 
tion in San Francisco.

INSTltUMMNTAL HKSTJLTS  ICriCKNTKIiS AND FOCAL UETTIIH

Dccausc of tho relative weakness of the shocks the only instrumental 
data worth considering arc those obtained at tho temporary strong- 
motion station in tho Federal building at Helena, and at the tele- 
seismic station of the Montana State College at Doxcman. Tho acccl- 
erograph was rushed from California to Helena by a Coast and Geo 
detic Survey party as soon as the destructive nature of the shocks 
became known. At only a few of the more distant stations were the 
preliminary tremors definite enough to be clearly defined. Several 
lines of investigation can be followed using tbe data obtained at 
Helena and Doxoman, (1) a focal distance can be ascertained from 
the S-P interval on the strong-motion records at Helena, (2) azimuths 
can be obtained from a number of records at the same station, and 
(3) distance and azimuth can both be determined with limited pre 
cision from several of the teleseismic records obtained at Jloxoman.
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The Helena aeceleroyntph record*. -From a. study of these records 
only very general conclusions can be dra,wn with regard to the exact 
focal points of the major shocks. This is not because of malperform- 
ance of the instruments but largely because of lack of a inininnim 
number of seismic stations necessary for satisfactory instrumental 
control of the region. A factor which is also largely responsible for 
failure to obtain more precise results is the lack of information on 
the velocity of seismic waves in the formations around Helena. They 
could be fairly well approximated if the structure of the sedimentary 
layers were known, but this is subject to some conjecture.

It appears from IF. \V. Scott's description of sedimentary rocks in 
the epieentral region that the depth of the underlying granite might

Kaiills in Hie region of Helena, Mont., from II. \V. Scott's report "The Montana 
Kcirlliqiiiikc of I'.KiV'.

be of the order of 15,000 or 20,000 feet (4.5 or (i kilometers) and that 
the greater part of the surface layers may be designated as Paleozoic 
sediments. This would indicate a, rather high velocity for seismic, 
waves, perhaps 4.0 or 4.5 kilometers per second as against 5.5 kilo 
meters per second in the underlying granite. Overlying the outer Pale- 
o/oic sediments one, might picture, for seismological purposes, a few 
thousand feet, perhaps a kilometer, of slower speed material, largely 
tertiary, in which the velocity of eompressional waves may average 
about 2.5 kilometers per second. Although this is a rather crude pic 
ture, it is siillicicnt to indicate with the aid of the strong-motion data 
that the disturbances probably originated in the sedimentary rocks 
or possibly in the underlying granite very close to the top. With the
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above figures the significance of the instrumental data may bo dis 
cussed more in detail realizing that while no precise results are to be 
expected the conclusions can nevertheless bo accepted as having a 
rational basis.

A number of records of the aftershocks under discussion will be 
found in figure 25 page 70. The most important information obtained 
from such records is the duration of the first preliminary tremor, S-P, 
which is a measure of the focal distance. This interval can bo meas 
ured on the records of about 10 aftershocks in which no record was 
lost while waiting for the starting apparatus to function. In each case 
the recording apparatus was in operation at the outset of the first wave. 
The time intervals vary from 0.8 to ] .3 seconds. If the paths were all 
granite the distances from station to foci would vary from G to 10 
kilometers, but the geology of the region indicates lower wave speeds 
and correspondingly shorter distances perhaps 4 to 0 kilometers. 
This places the foci within reach of the granite mantle beneath the 
sediments, but if this were true, much steeper angles of emergence 
would be expected at the station than were actually recorded. In the 
four instances in which it was possible to measure emergence angles 
they ranged from 45° to 65°. The seismic rays must therefore have 
been considerably more shallow in the underlying high-speed forma 
tions following the laws of refraction as in optics. Below the tertiary 
formation the rays evidently subtended angles with the horizontal 
anywhere from 0 to 45° but not likely more than that. One must 
conclude, therefore, that the cpiccntral distances from the Federal 
Building may have varied from 3 to (> kilometers, and focal depths 
from 2 to 5 kilometers for the few aftershocks which yielded the 
essential instrumental data. This would indicate that most of the 
slipping originated in the deeper sedimentary rocks.

The azimuths from the Federal Building ranged from N. 20° W. 
to N. 70° K. There is little doubt from the records that the smaller 
aftershocks were rather widely distributed. These bearings and the 
previously estimated epicentral distances all point to displacements 
along the buried fault about 4 kilometers north and northeast of 
Helena which is described in detail by II. W. Scott in his report en 
titled "The Montana Earthquakes of 1935." It may seem desirable 
to compute precisely the location of each of the four aftershocks on 
which the necessary data are available, but in view of the uncertain 
ties already stated, a closer scrutiny would only tend to mislead the 
reader with respect to the accuracy obtainable. A more detailed 
study would be justified only in case the geology of the region were 
better known or in case more instrumental data were available.

All of the aftershocks covered in the previous discussion occurred 
between October 27 and 31, inclusive, except that of November 28. 
The latter record was different from the earlier ones in indicating the 
most si'.allow angle of emergence of all, about 45°, with an epicentral 
distance one of the largest in the group.

The average bearing of 10 aftershocks as judged by the relative 
amplitudes of the preliminary tremors on the north-south and east- 
west components is close to N. 55° K. This general bearing is also 
indicated by three of the four records on which the first movements 
could be measured. In three cases out of four the first movements 
were rarefactions; that is, the ground moved toward the epicenters.
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111 view of the apparently wide spread of the aftershocks and the 
lack of precise information concerning the main shocks of the series 
an epicenter at 46°37' N. 111°58' W., is adopted as representing, as 
near as we know it, the central point of all activity. This is practi 
cally identical with the point of intersection of the two buried faults 
north and east of Helena as indicated by II. \V. Scott. The wide 
spread of recorded aftershocks indicates, however, that any shock of 
the series may have easily originated several kilometers from this 
point and probably along the fault crossing the southern end of 
Prickly Fear Valley.

The Bozeman record. Epieentral distances from Bozeiuan may be 
estimated by measuring the duration of the first preliminary tremor, 
S-P, and assuming that the seismic rays for the preliminary waves 
traverse only the granitic layer. Standard seismological practice 
assumes the velocity of compressional waves in granite to be 5.5 
kilometers per second. The transverse wave velocity is about 3.2 kilo 
meters per second. An error of 1 second in the S-P interval, there 
fore, corresponds to an error of 7.6 kilometers in focal distance. For 
various reasons this may be considered a probable error. The S-P 
intervals for the shocks of October 12, IS, and 31 averaged close to 
17.0 seconds, indicating a distance of 130 kilometers which checks well

Fnii'KK H). Seismograph rwonl of the Helena earthquake of November 28, obtained 
at the Montana Stale C'olle^e, Bozcinaii.

with the adopted epicenter northeast of Helena. The interval for 
the November 29 shock is 2 seconds less, indicating an epicentral dis 
tance 15 kilometers shorter. This cannot be reconciled with the 
strong-motion data at Helena and should apparently be charged to 
questionable instrumental performance. The accelerograph data in 
this instance must be given the preference because of more precise 
time control. One millimeter corresponds to 4.0 seconds on the tele- 
seismic record at Bo/eman, but only 0.1 second on the Helena acccler- 
ograph.

The azimuth of epicenter is indicated quite well by the first impul 
sive movements recorded at Bozeman on October 12, 18, 31, and 
November 29, The computed azimuths are 30°, 35°, 33°, and 30°, 
west of north, respectively. The adopted epicenter bears 35° west of 
north. The 30° values arc based on relatively small displacements of 
the light spot. The smallest light spot displacement was 1.2 milli 
meters on November 29 on the E-W component; the largest 30.S 
millimeters on October 31 on the N-S component. It is noteworthy 
that the first horizontal movement at Bozeman on October 31 was 
nearly four times greater than on October 18 despite the fact that the 
most destructive shock was that of the 18th. The first movements 
on all of the records ji'st discussed were rarefactions. It will be re 
called that three out of the four first motions measured at Helena 
were, also rarefactions.
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Figure 10 is a reproduction of the record obtained on the east-west 
component of the McComb-Ilomberg seismograph at Bozeman on 
Xovember 29. Despite the fact that the Helena accelerograph record 
shows that this is really the record of two separate shocks less than 10 
seconds apart, it illustrates quite well the outstanding features of all 
the Bozeman records of the Helena shocks, especially the preliminary 
waves. Because of the excessive speed of the light spots, large por 
tions of the records of the stronger shocks of October 18 and 31 are 
almost illegible and difficult to reproduce. The amplitudes in those 
records are of course much greater than shown in this illustration.

CASUALTIES

The following quotations are from H. W. Scott's report entitled, 
"The Montana Earthquakes of 1935":

The loss of life during the entire earthquake period was remarkably low. Only 
four people lost their lives, two on October 18 and two on October 31. Six addi 
tional deaths were attributed to nervous shock as a result of the earthquakes; 
however, from reliable sources it is learned that not more than two of the six- 
can be attributed directly to the earthquakes. The deaths on October 18 were 
due to falling bricks and those on the 31st to the collapse of a large smokestack 
at the Kcssler Brewery. The lack of greater casulaties is unquestionably due to 
the fact that the first severe shock occurred at night when schools were closed and 
few people were standing on the streets; and that at the time of the second severe 
quake the schools had been closed by farsighted authorities and that Helena 
residents were more careful.

The exact number of injured cannot be definitely ascertained but it is estimated 
that not more than 50 persons were treated for major and minor cuts and bruises.

DAMAGE

The damage for the entire series of shocks evidently did not exceed 
$4,000,000 and was restricted mostly to Helena, its environs, and 
nearby towns. A broad perspective of structural damage from the 
engineering standpoint is given briefly in the report of the city engineer 
as summarized by F. P. Ulrich in his paper entitled "Helena Earth 
quakes", Bulletin of the Seismological Society of America, volume 
26, no. 4, page 329:

Because the two destructive earthquakes occurred so close together it was 
impossible to estimate accurately the damage caused by each, and hence any 
statement concerning damage would have to include the damage caused by the 
swarm of shocks. The personnel of the city engineer's office in Helena has made 
a survey and finds that more than half the buildings in Helena were damaged 
from 2.5 to 100 percent and that the total damage would be between $3,000,000 
and $4,000,000. Of the damaged buildings, 62 percent were in the class of those 
sustaining minor damage, such as fallen chimneys and small cracks; 24 percent 
wore in the class having fallen walls and structural damage up to 50 percent; 
and 14 percent were in the class in which the damage was from 50 percent to total 
destruction.

A large scale map prepared by the city engineer showing the dis 
tribution of damaged buildings in Helena accompanies the article.

Quoting from one of F. P. Ulrich's unpublished reports the influence 
of geological formation on damage is readily apparent:

The major shock occurred at 9:48 p. m. on October 18. This shock did con 
siderable damage especially to old masonry buildings. Damage was to a great 
extent confined to buildings on alluvium. Buildings constructed on firm founda 
tions suffered very little damage in most cases. The southern business section 
of the town was hit quite severely. This section was in general built in the 
Last Chance Gulch on ground that had been mined by dredging operations. 
Most of the damaged buildings were very old, and an engineer remarked that
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they were about ready to come down anyway. Heavy damage under these 
conditions was to be expected. In addition to the southern business section of 
the town, the northeast section was also hit very hard. This section was also 
built on alluvial ground that had been worked over by mining, but in general 
the buildings were more modern and better constructed, although there were 
some old brick buildings in this section. In the eastern part of the town on firm 
foundation, the St. Helena Cathedral suffered only slight damage. The main 
structure, about 50 feet high, was damaged very little, but there was some damage 
to the towers above the main structure. The old high school, a three and one- 
half-story, rock building apparently suffered very little damage on the outside, 
but it was reported that considerable damage was done inside. The State Capitol, 
a fire resistant, three-story building with a 5-story dome, suffered very little 
damage. The Federal Building, a well constructed, four-story, reinforced- 
concrete building with brick and stone facing and steel supports for the first 
floor and roof, suffered no exterior damage and the interior damage was confined 
to some cracked plaster. The Montana Club, a six-story building well con 
structed, suffered no damage. These latter two buildings were in the west central 
part of the town on good foundations.

Commenting on the more general aspects of the damage in Helena, 
H. W. Scott writes:

In Helena, a city of approximately 12,000, the earthquake of October 18 caused 
total property damage estimated to be $3,500,000. The overthrow of chimneys 
and cracking of plaster was general throughout the city. In some sections 
practically all chimneys were destroyed. Gables were generally damaged regard 
less of the structural material used or the location of the building. Notable 
examples of gable failures are the west end of Carroll College and warehouses in 
the neighborhood of the Northern Pacific depot. Brick-veneer walls were severely 
affected. It seems well to point out the fact that the brick-veneer walls cannot 
stand as strong a shock as some unbraced chimneys. Numerous buildings were 
observed where the brick sidings had fallen, but the chimneys remained in place. 
In general, frame buildings covered with wood siding and buildings having a 
framework of reinforced concrete or steel suffered little damage. The greatest 
damage to any single structure was that suffered by the new Helena High School 
which was completed in August 1935 at a cost of approximately $500,000. C. D. 
Wailes, Jr., states that "Unquestionably, failure of tins building is attributable 
to lack of consideration of earthquake forces in the design. Heavy loose walls, 
long-span beams resting upon small-banded columns, designed for direct vertical 
loads only, and a very irregular and unsymmetrical plan, are the reasons back of 
failure."

Considerable illustrative material is available to the reader who 
wishes to study the details of damage to individual structures. A 
45-page paper entitled, "Earthquake Resisting Structures", by E. R. 
Dye, of the civil engineering department of the Montana State 
College at Bozeman, covers the structural lessons learned and dis 
cusses earthquake-resistant design. A 129-page publication entitled 
"Montana Earthquakes", by C. R. Anderson and M. P. Martinson, 
of the Helena public schools, covers practically all aspects of the 
earthquakes in some detail and includes many illustrations. "The 
Montana Earthquakes of October 1935: Structural Lessons", by H. M. 
Engle, is a 10-page illustrated article in the Bulletin of the Seismo- 
logical Society of America, volume 26, no. 2, April 1936, page 1.

A large number of pictures taken by F. P. Ulrich, of the Coast and 
Geodetic Survey, are availoble for inspection at the office of the Seis- 
mological Survey of the Bureau, 75 Appraisers Building, San Fran 
cisco, Calif., and at the Washington office of the Bureau.

MISCELLANEOUS

^Monuments and chimneys. The following quotation is from F. P. 
Ulrich's report in the Bulletin of the Seismological Society of America:

At Forestvale Cemetery, about 4 miles north of Helena, the damage was 
greater than at any other cemetery. Many slab monuments were twisted, and
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iniiKK li!.--Norlli wiiiR of hi^h scliool. Helena.

KK;IIKK 13. Hrvsinl school. lloltMi;i

II. ('(unit KHir furin. Two miles nurlli of Ili'lcna.
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iiiuitE 15. Shrine Temple. Helena.

. Stiite Armory. Helena.
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FIGURE 17.- Kesidence, Twelfth and Ewing Streets. Helena.

Fioi'KK IS. National Biscuit Co. Helena.

FIGUKE 19. Crack which spouted water and saiid. Six miles northeast of Helena.
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some, especially the taller ones, were knocked over. There was no general 
direction for the fall or twist of these monuments. This would seem to indicate 
that they were in the epicentral region. At Resurrection Cemetery, about 2 miles 
northwest of Helena, there was less damage. Here the pedestal-type monu 
ments moved counterclockwise. At the Benton Avenue Cemetery, about 1 mile 
northwest of Helena, the slab stones were twisted in a counterclockwise direction 
and the pedestal-type monuments in general moved clockwise.

After the shock of October 31, observers reported that, in general, chimneys, 
stacks, and tombstones moved in a counterclockwise direction in or near Helena 
and that several miles north of Helena the rotation was in a clockwise direction.

H. W. Scott makes the following interesting statement:
Apparently there was not as much rotary motion on October 31, because the 

gravestones in the Resurrection Cemetery and others generally fell in the same 
direction without any twisting; whereas, on October 18 few stones fell, but many 
were twisted clockwise and a few counterclockwise. One gravestone composed 
of three parts, a square base about 18 inches high, a tall central portion, and a 
large cross at the top, showed twisting in both directions. The central portion 
twisted clockwise \Yz inches and the cross counterclockwise five-eighths of an inch.

Changes in water flow. F. P. Ulrich's published report on this 
subject is as follows:

About 6 miles northeast of Helena there were a number of ground cracks after 
the shock of October 18, through which water carrying sand was forced. The 
flow continued less than 2 days. See figure 19.

At Alhambra Hot Springs, about 12 miles south of Helena, a new hot spring 
was opened and the old hot springs doubled their flow after the shock of October 
18. By October 24 the flow was back to normal. After the 1925 earthquakes, 
the flow of these springs was doubled and remained above normal for about 30 
days.

At East Helena, weir measurements show that Prickly Pear Creek increased 
from about 800 second-feet to 1,000 second-feet, an increase of 25 percent, as a 
result of the October 18 shock. No accurate information is available concerning 
how long this increased flow continued.

At Gumprecht's ranch, about 11 miles northwest of Helena, new springs were 
opened up and old springs started to flow where there had been very little water 
before the shock of October 18.

The following quotations are from H. W. Scott's report:
Changes in the volume of flow of many wells and springs were reported by many 

people. The most noticeable change was an increase in flow of springs or the 
development of new springs where none had previously existed. The upper level 
of ground water in Helena Valley is only a few feet below the surface in many 
places. Where surface cracks developed, water was forced out and carried with 
it small quantities of mud and sand. Seven Mile Creek which was practically 
dry before the shock of October 18 was visited on October 31 and at that time 
was about 5 feet wide and 12 to 18 inches deep. Farmers in the valley of Seven 
Mile Creek reported an increased flow in irrigation ditches.

Prickly Pear Creek, running through the center of East Helena, increased its 
flow at least one-third within 12 hours after the shock on the 18th. A few springs 
in the area drained by McClellan Creek, which had been dormant for at least 4 
years, were revived. The flow slowly decreased and it is altogether probable that 
the springs will return to a state of dormancy. At Alhambra Springs, 10 miles 
south of Helena, the flow of water was thought to have doubled, but no accurate 
check was possible. The proprietor also reports that the larger aftershocks seem 
to cause a change in volume. No changes occurred in either the volume or tem 
perature of Pipestone hot springs. At Nissler, a point about 75 miles southwest 
of Helena, a cold spring was changed to a warm one, and the flow increased; both 
characteristics returned to normal in a few days. The flow of water increased in 
several mines, but was not so great that the pumps could not conveniently handle 
it. Contrary to many persistent rumors, there was no change in the character of 
the hot springs or geysers in Yellowstone National Park.

Ground cracks. Quoting further from H. W. Scott's report:
The development of ground cracks is not an unusual feature of any earthquake 

of moderate or major intensity. No cracks were observed at a distance greater 
than 15 miles from the faulted zone. All were shallow, narrow surface cracks due
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to the shaking of the ground and none represent an actual slip along the fault 
plane.

The largest crack found was on the gravel road leading into the Stanchfield Gun 
Club. The crack had a maximum width of 5 inches, an average of about one-half 
inch, and a length of 300 feet. It was developed parallel to the road. The road 
is about 3 feet above the ground-water table. The ground-water table comes to 
the surface in several places and forms swampy land in the vicinity of Lake 
Stanchfield. The surface cracks were most numerous in areas where the ground- 
water table was near the surface.

Narrow and short cracks were also common near the south and east banks of 
Lake Stanchfield. For a short time (not more than 2 hours) water flowed from 
these cracks and carried out small amounts of sand which was deposited on each 
side of the fissures. The sand is part of the valley fill and it is believed that the 
material came from a depth of only a few feet. The cracks were less than an inch 
wide, averaged about 15 feet in length, and were parallel to the lake shore line. 
It is probable that all of them were less than 25 feet deep. Other fissures of a simi 
lar nature were found about 2 miles northeast of Stanchfield Lake.

A few small cracks were observed near Clasoil and other small ones were reported 
to have been observed in the Missouri River Valley east of Clasoil. All the fissures 
observed or reported occurred in alluvial materials and the majority of them in 
Helena Valley.

D. S. Carder writes in an unpublished report:
Ernest Brown was hunting in the field where cracks were abundant at the time 

of the October 31 earthquake. He claims he saw water spurting a foot or two 
high from some of the cracks. A girl from a nearby farm visited the crack crossing 
the road 2 minutes after the earthquake. Water was issuing from the crack 
about 6 inches high. It was cold and carried granitic sand. Farmers in a field 
4 miles northeast of Helena saw dust issuing from narrow cracks crossing the road 
and in a nearby field at the time of the earthquake. These cracks follow no defin 
ite direction. The strikes of the larger ones are N. 50° E. and N. 48° W. They 
are found in the dry crust of the marshy region toward the center of the valley.

Visible ground waves. Quoting again from D. S. Carder's report:
Mr. Tom Herrin, farmer in Prickly Pear Valley reports that he and a companion 

were driving toward Helena and were about 3 miles out of town when they noticed 
two waves in the field coming toward them from the direction of the city at an 
estimated rate of about 50 miles per hour. He said "There's an earthquake." 
Just then the waves passed beneath them and they felt the shock. A farm hand 
avers he saw waves moving to and fro in the field. Other observers claim they 
saw similar waves in the pavement of the city streets.

Rock slides. H. W. Scott reports:
No rock slides of any importance occurred as a result of the Helena earth 

quakes. On October 18, a small slide covered the highway near the Great North 
ern viaduct about 7 miles south of Helena. It was not large enough to disrupt 
traffic. Loose rocks and boulders resting on steep slopes were generally shaken 
down. Ranchers in the Belt Mountains reported that rolling stones could be 
heard. One rockslide occurred south of Livingston, about 10 miles southeast 
of Helena, but its cause cannot be definitely charged to the earthquakes. It 
was probably caused by the normal agents of erosion.

Sounds. Quoting H. W. Scott again:
Sounds accompanied all of the more important shocks. Mr. W. E. Maughan, 

Meteorologist at Helena states: "Noise accompanied almost any shock of con 
sequence. It was roaring with the three heavy shocks. On the 18th the 
sounds seemed to come from deep down in the earth. On the 31st subterranean 
noises were less pronounced." About 50 percent of the people within a radius 
of 60 miles report sounds similar to those made by a passing train or heavy 
truck. The sounds in Butte on October 31 were comparable to the heavy, dull 
roar which precedes a spring rainstorm. The rumble was so audible that the 
writer had time to stop in the midst of a lecture and call attention of a geology 
class to the approaching earthquake. The most distant points from Helena 
where sounds were reported are: Dillon, 102 miles south; Hamilton, 108 miles 
southwest; Havre, 174 miles northeast; Harlowtown, 110 miles east; and Liv 
ingston, 102 miles southeast. Many persons report that earth sounds, without 
accompanying tremors, could be heard in Helena.
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From D. S. Carder's unpublished report comes among other things 
an interesting relation between sound effect and epicenter location:

The sound phenomena were utilized to locate the epicenter of the shocks. 
Observers in Helena are agreed that most of the sounds come from the north 
or northeast. Farmers 5 miles northeast of the city say that they come from 
the direction of Helena. Farmers 3 miles northeast say they come directly 
from beneath.

Lights. D. S. Carder reports:
The lighting system of Helena failed toward the end of the major shock of 

October 18. At the same time, a blue sulphurous light was observed around the 
mountain tops south of the city. This was traced to a short circuit in a high 
tension line.

Residents of Prickly Pear Valley noticed a glow on the horizon on the night 
of October 31. It was reported that forest rangers traced this to a fire.

GEOLOGY AND STRUCTURE

In view of the important bearing of the local geology on earthquake 
oll'octs and the location of the focal point of the disturbances the fol 
lowing selected paragraphs are quoted from H. W. Scott's report:

Along the south slope of Prickly Pear Valley the Marsh shale, Helena limestone, 
and Empire shale crop out in narrow belts that pass through the city of Helena. 
In general, the Empire shale is partially covered by alluvium and "lake-bed" 
material. On the north side of Prickly Pear Valley the low rounded hills be- 
tucen Missouri River and United States Highway No. 91 are composed of 
dark-gray shales of the Greyson formation. North and northwest of the Scratch 
Gravel Hills, the Greyson, Spokane, Empire, Helena, Marsh, and Hellgate 
formations have been recognized. Clapp and Deiss measured a section along 
Little Prickly Pear Creek (not to be confused with Prickly Pear Creek at East 
Helena) arid determined the total thickness of exposed Belt sediments at that 
place to be 14,900 feet. Pardee and Schrader measured about 12,000 feet of 
upper Beltian sediments in the Belt Mountains east of Prickly Pear Valley.

Tertiary rocks consisting of clay, sand, and gravel, and volcanic effusives 
arc, common in the southern and eastern part of Prickty Pear Valley. These 
rocks are commonly referred to as "lake-beds" and are characteristic of most 
of the iiitermontane valleys of the Rocky Mountains. These Tertiary sediments 
underlie the relatively thin covering of Quaternary alluvium in Prickly Pear 
Valley. A well bored near the center of the valley shows them to be at least 
1,200 feet thick. As shown in figure 5 the Tertiary sediments are thought to 
be us much as 2,000 feet thick near Helena. The true nature of these sediments, 
and the determination of certain geologic boundar\r lines needs further investi 
gation. Tho Belt sediments northwest of the Scratch-gravel Hills have not been 
mapped in detail.

Tho known faults south of Helena probably continue northward and are 
hidden by the alluvium and Tertiary "lake-beds" of Prickly Pear Valley. It is 
believed that they are secondary faults which may intersect a major fault that 
(tends northwest along the south side of the valley.

The earth movements which caused the Helena earthquakes probably took 
place along this zone which will hereafter be called the Prickly Pear fault. Of 
fourhe, the exact position of this fault is unknown because of the thick cover 01 
uneonsolidated sediments in Prickly Pear Valley. Various lines of evidence indi 
cate that its trace on the surface would extend from Fort Harrison on the north- 
u eM. to a point near East Helena on the southeast. It would pass just to the 
iiorth of Helena. Many of the major valleys in southwestern Montana are 
ra.used by down dropped fault blocks. Townscnd Valley, Summit Valley near 
Unite, parts of Jefferson Valley, and many others can be given as examples.

The evidence for the existence of a major fault along the south side of Prickly 
I'car Valley is:

1. The presence of a deeply buried orosional surface below the present surface 
of Prickly Pear Valley. In places the valley till is known to be 1,200 feet deep 
and ih estimated to be as much as 2,000. Such conditions require that the valley 
b<; it down-dropped block.

2. Character of the dispersion of the recent earthquake waves.
3. Changes in former drainage systems and development of the present dis 

cordant physiographic provinces. 
1. Seismograph records.
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The rocks in the Belt Mountains to the north and east of Helena are also folded 
and faulted. The Scout Cam]) overthrust which extend^ from Canyon Ferry 
northwest toward Wolf Creek is probably a southward division of the Lewis 
overthrust of Glacier National Park. Pardee measured itg vertical displacement 
near the north end of Hauser Lake to be a minimum of 12.000 feet, and the 
horizontal movement is to be measured in miles. This and other thrust faults 
in the area are much older than the normal faults which produced the major 
valleys.

The report itself should be consulted for other important details.

LS AXI) AFTJ'IHHHOCKS

Due to the efforts of W. E. Mauglian, in charge of the Helena ofiice 
of the United States Weather Bureau, and his associates, there has 
been made available the most complete, record ever obtained in tins
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SEISMOLOGICAL OBSERVATORY RESULTS

The Coast and Geodetic Survey publishes the results of its tele- 
seismic stations and cooperating stations monthly in mimeographed 
form. In these reports all seismogram interpretations are tabulated 
together with epicenters based on the published data and instrumental 
results received from seismological stations in all parts of the world. 
These reports will be furnished upon request to the Director of the 
Bureau. In the summary of epicenters in this report attempts are 
sometimes made to improve epicenters already published, especially 
in the case of those in North America.

Instrumental results are published for the following observatories:
Balboa, Canal Zone (The Panama Huancayo, Peru (Carnegie Institution 

Canal).   - -
Bozeman, Mont. (Montana State Col 

lege) .
Charlottesville, Va. (University of Vir 

ginia) .
Chicago, 111. (University of Chicago and 

U. S. Weather Bureau).
College, Alaska (Universtity of Alaska).
Columbia, S. C. (University of South 

Carolina).
Des Moines, Iowa (private station, 

M. M. Seeburger, Director).
East Machias, Maine (Massachusetts

of Washington, Department of Ter 
restrial Magnetism).

Montezuma, Chile (Smithsonian Insti 
tution).

Philadelphia, Pa. (The Franklin Insti 
tute).

Pittsburgh, Pa. (University of Pitts 
burgh) .

San Juan, P. R.
Seattle, Wash. (University of Wash 

ington) .
Sitka, Alaska.
Tucson, Arizona.
Ukiah, Calif. (International Latitude 

Observatory).
Institute of Technology). 

Honolulu, Territory of Hawaii (Uni 
versity of Hawaii).

Honolulu, San Juan, Sitka, Tucson, and Ukiah are Coast and 
Geodetic Survey stations. Bozeman, Chicago, College, and Columbia 
are cooperative stations; Balboa, Charlottesville, Des Moines, East 
Machias, Huancayo, Montezuma, Philadelphia, Pittsburgh, and 
Seattle are independent stations. All readings are made or revised 
at the Coast and Geodetic Survey except those for Balboa.

In view of the uncertainties involved in distinguishing between time 
at the focus and time at the epicenter in provisional epicenter work of 
this kind, it has been decided to omit the distinction between them. 
In general the time at origin as tabulated may be accepted as the time 
at the focus, or "H", but in many cases the data are too indefinite to 
make a decision.

A description of the new station at College, Alaska, appears in the 
Bulletin of the Seismological Society of America, volume 26, numbei 
2, April 1936, page 125.

Table 1. Summary of instrumental epicenters

1935

Jan. 2. ........

Do_. .-..__

Do........
Jan. 23. .......

Greenw ieh 
civil time 
at origin

h. m. 
13 20.9

22 41.1 
1 50.3 

14 41.5 
16 20. 0 

2 08.2 
8 29.9 
7 24.1

Region and focal depth

Pacific ocean southwest of Samoa. Depth about 
160 kilometers.

Aleutian Islands. Deoth normal. Felt. .........

Coordinates of provi 
sional epicenter *

Lat.

15 S.

40.6 N. 
31.3 N.
40.7 N. 
40.7 N. 
20 S.

52.4 N.

Long.

174.5 W.

125.0 W. 
88.1 E. 
28.0 E. 
28.0 E. 

169.5 E.

170.0 W.
See footnote at end of table.
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Table 1. Summary of instrumental epicenters Continued

1935

Jan. 31 . -
Fob. 4 _.
Feb.O .- - -

Feb. 20 _- . . 
Kelt. '£1 .. - 
Feb. 21 .. _.

Fob. 25 . 
Fel.. 27.

Do 
Fob. 28... 
Mar. 13-.

Mar. 17 _ .... 
Mar. 20 __ . 
Mar. 20_-_ 
Mar. 29 .... 
Mar. 30 .___

Apr. ,r) _. . ... 
Apr. IK . ...

Do .... ._
Apr. 24 ... 
M ay 1 . _ _

May 13. _ 
May 14

May 21 
May 23 
May 21 .. ... 
May 2fi--_._._
May 28 . .. ... 
May 30 . ....

May 31... ..

June 2 . 
June 11   
Juno 24 . . .. 
June 25 . . 
Juno 28 

J)o _ ...

Juno 29 
July 5 
July 0 
July 7 
July 8 
July 9 

Do 
July 10 
July 11 .-

July Hi 
July 17 .. .. 

])o. 
July 19 
July 20

Do
July 29 . 
AUK. 1 - 

Do. .....
All*.'. 3 . .... 
Aug. 5 - ---- 
AUK. 7 . .. 
A ilk'. 17 ....
AUK. 21

A UK. 22
AUK. 25
Am'. 31 . . 
Sc.pl,. 1 ..... 

Set; footnote a

Greenwich 
civil time 
at origin

It. rn. 
17 45.9 
17 24.5 

1 54. 9 
17 22. 1 
1 1 2(i. 5 
17 (Ki. 1 

1 45. 0

2 51.4 
9 09. 5

15 27.2 
7 10. 0 

18 37

21 33.3 
22 57. 5 
21 32. 2 
12 24.3 
21 19. (i 
12 05.3 
17 48.0 
23 14. 7 
22 15.4 
15 23.4 
5 1 1 . 0 

22 02. 0 
18 51.7 
10 24.7

19 53. (i 
23 23. 0

0 51.7 
17 59.1 
5 30. 5 

22 03. 0 
12 OK. 7 
21 32.8

8 18.5

9 10. 5 
21 55.9 
23 23. 1 
12 33.0 
2 00. 5 

19 30.2

f. 49.0 
17 53.0 
3 31.7 

13 23.2 
1 2 58. 0 

(> 41.0 
12 21.0

8 24. 7 
14 13.5 
Hi 18.8 

4 31.0 
10 40. 2 
0 49. 8 

10 22. 9 
4 43. 4 
K 03. 5 
7 38. 9 

14 (Mi. 0 
10 OK. 3 

1 10.0 
23 50. 1 

9 02. 2 
1 44. 5 

13 48 9

20 30 0 
5 07. 9 

17 39.8 
0 48.8 

1 end of t!lbl

Kegion and focal depth

New Hebrides region. Depth normal. ..... .._.     
Friendly Islands in .South Pacific. -.     .   ._      

Felt in southern California. Approximate epicen 
ter by 1'asadena. 

O recce. Depth normal. Kpicenter by Strasbourg. 
Palau Islands southeast of Philippines according to 

Manila.

Ke.Kiou of Bougainville Islands in Solomon Islands 
group according to Manila.

Karrnadec Islands northeast of New Zealand ........ 
Pacific Ocean olT Japan. Depth near normal ____

Persia. Depth normal. ...................... .....

    <10---._                                         

Destructive in Ksirs-Digor, Transcaucasia. Depth 
normal. 

Indochina. Depth norniul  ....       __   -   ...___ 
Sandwich Islands in the South Atlantic. Slightly 

deep.

Destructive in Baluchistan, India; 30,000 to 40,000 
killed. Depth normal. 

Japan Sea. Felt in Japan. Depth about 250 kilo 
meters. 

Baluchistan, India. Depth normal......... ....... 
Pacific Ocean ofT Colombia. Depth near normal.. ..

Sea of Okhotsk ofT Kurile Islands. Depth normal . . 
Pacific Ocean off Chile. Depth probably normal . .. 
Hawaii. Depth about 5 miles according to the Ha 

waiian Volcano Observatory. 
Felt at A capulco, Mexico. Depth probably normal-

Philippines. Felt. Kpicenter by Manila .-.-.-.-.

Chile..-.--.-...-----.--.-----.   --- ------

Formosa. Depth normal.--. --------------- ------

Sandwich Islands, South Atlantic. Depth normal

Soa of Okhotsk. Depth 400 kilometers . .__ .__..

Pacific Ocean olf Central America. Depth normal

Chile. Deplli normal-..- -         --     ---   ----

Probably near Tonga Islands. Probable depth, 
240 kilometers

Northwest of Spitsbergen. Depth near normal. ... 
Pacific Ocean near Kurile Islands. Depth normal

!.

Coordinates of provi 
sional epicenter

Lat.

13 S. 
20 S. 
30 N. 
24± S. 
(17) N. 
52 N. 
32.0 N.

35.5 N.
(7) N.

7± N. 
23. 5 S.

14.5 N. 
8± S. 

17± N. 
30 S. 
37 N. 
51 N. 
17.5 N. 
35.9 N. 
71.5 N. 
31 N. 
31 N. 
24 N.

40.4 N.

19.9 N. 
59.0 S.

5.0 S. 
23.5 N. 
12.5 N.

29.1 N. 

41.9 N.

31.0 N. 
3.4 N. 

15 S. 
47 N. 
37 S. 
19.C N.

18.fi N. 
39 N. 
59± N. 
18.2 N. 
27.5 S. 
27.0 S. 
28 (?) S. 
19 N. 
35 N.
21 S. 
24.0 N. 
0.5 S. 

fiO S. 
38 N. 
13 S. 
8.0 N. 

45.0 N. 
22.0 S. 
10.5 N. 
10.8 N. 
4.1 N. 

35.2 S. 
1.0 N. 

22.0 S. 
18.5 S.

73.0 N. 
79. 0 N . 
42± N. 
12 N.

Long.

105 K. 
175 W. 
42 W. 
09± W. 

(97) W. 
175 K. 
115.2. W.

24 K.
(135) E.

83± W. 
04± W.

90.5 W.
IflKrfc F;.
83± W. 

177 W. 
142 K. 
Ifi8 W. 
100.5 W. 
53.1 K. 
73 W. 
15 K. 
IS K. 

121 K.

42.4 K.

101.0 K. 
27.0 W.

14G.O E. 
45.0 W. 

125.5 K.

6G.6 K. 

134.5 E.

67.0 K. 
82.9 \V. 

IfiK E. 
149 E. 
74 W. 

155.2 W.

103.4 W. 
07 K. 

139± W. 
1 19.4 K. 
71.0 W. 
72.5 W. 
73 (?) W. 

100 W. 
139 K. 
179 W. 
121.0 E. 

18.5 W. 
24 W. 

141 K. 
73.5 W. 
82.5 W. 

145.5 E. 
177. 1 W. 
12(i. 4 K. 
80.5 W. 
90.7 E. 
72.2 W. 
77.5 W. 

172.0 K. 
172.5 W.

70. 3 W . 
2.5 E. 

151± E. 
87.5 W.
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Table 1. Summary of instrumental epicenters Continued

1&35

Sop). 2 .......
Sept. 4 --.-_-

Sept. 10 ..... 
Do ... . 

Sept. 11.... .-
Do.. . ...

Do .......
Do...- ...

Sept. IS--...-- 
Do-_.__ ._

Sop). 20 -..-. 
Do .......

Sop).. 24 
Do.. .....

Sept. 25__... 
Sept. 28..... .

Sept. 30 .....

T)o._ .. ..

Oct. 2... . -. 
Oct. 4 . -.---.

Oct. 8 ........ 
Oct. ().--.....
Oct. H. .......

Do-.-....

Do .......
Do......

Oct. 19-. 
Oct. 24. .. . 
Oct. 27 
Oct. 31 _ .

Do- .---. 
Nov. 4,. . .. 

Do . ..
Do. ...... 

Nov. 5. 
Nov. 10 . 
Nov. 14 
Nov. 21 . 
Nov. 23 .- 
Nov. 25 . . . 
Nov. 28 
Nov. 30. 
Dee. 3  
Doc. ft.. - 
Dec. 14..- 

Do. 
Dec. 15 ..... . 
Den. 10... 
Doc. 17 . 
Dec. IK., .... 

Do . . 
Dec. 1(1 .. 
Dec. 20.. .... 

Do. _ .... 
Dec. 21. . 
Dec. 24. 
1 )ec. 28 . 
Dec. 2(1... ..

Greenwich 
civil (line 
at origin

h. in. 
2 Hi. 0 
1 27. 0 
G 17.fi

0 30. 3 
7 O.r>. 2 

1 1 45. 4 
]4 04.0 

4 01.5 
11 1(1.2 
]4 Oil. 1 

4 57. 0 
8 23. K 
0 5(i. 0 
1 4li. 0

5 01. 1 
22 12. 1 
10 ISI.fi 
4 00.3

1!) (X). 7 

9 00 

10 28

5 32. (1 
5 IS.fi

(1 IS). 1 
22 08.5 
22 15. K 

7 SO. K 
10 45.4

17 30.5 
0 1'A 1 

1 ] 05. 3 
1 4 53. it

4 48. 1 
14 48.3 
22 05. 1 
18 37.11 
0 03. 7

Ifi 22.2 
3 55 

1(1 12.0
13 53.3 
20 57. 4 
18 27. 7 
19 (ifi.SJ 
11 41 
7 52. 5 

10 03.0 
14 41.9 

. { 39. SI 
2 17. K 

17 49.5 
1 31.1 

22 05.4 
7 07. (1 

Hi 57.3 
19 17. K 
5 33. 3 
7 10.fi 
1 57. 0 
7 45. 7 

IS 37.0 
11 51.1 
12 24.3 
2 35. 5 

23 37. 4

Region and focal depth

North of Solomon Islands. Location doubtful.....

Pacific, near Caroline Islands. Depth probably 
near normal.

OlT west const of Mexico. Location approximate .. 
Kermadoe Islands in south 1'acific. Depth normal

OlT Puerto Kico. Depth normal ...--.--......-..-
South Pacific. Depth possibly 400 kilomoter.s.... ..

Japan. Doplh normal.. ...-.-.._-... .............

.....do. ._.............................. ---. ------
_... do...--.-.....--...--..._--..-. --_........ ..

New Guinea. Depth normal... ..... ._.._.....-- 
Northern Argentina. Depth possibly 200 kilo- 

motors. 
Arclic Ocean oft northeast coast of Greenland. 

Depth normal. 
Hawaii, T. 11. Depth about 48 kilometers. Kpi- 

conter by U. S. National Park Service. 
Hawaii, T. 11. Depth 28 kilometers. Epicenter 

by U. S. National Park Service. 
Japan. Epicenter by llukiiokii and M izusawa - . 
Philippine Islands. Depth 400 kilomelers. Kpi- 

center by Manila. 
Turkestan. Epicenter by U. S. S. H. _ . . ...... 
South of Iceland. Kpioonler by Strasbourg.......

Off Japan. Epicenter by llukuoka and Miy.usawu 
.. do. _-.._--...-.--..---.--__---_.-.--.------.-.

OlT Japan. Kpicenter by llukuokaand Mi7.ii.sawa

Near Jap:m. Kpicenter by llukuoka and Mi/.u 
sawa. 

Destructive at Helena, Mont. Depth shallow-... 
Southern California. Kpicenter by Pasadena .... 
Off Colombia.. -.-.--.._.--__.....-....._-..---....
Destructive at Helena. Mont. Depth shallow. -_. 
Tinii.skiuuing, Canada. Epicenter by Ottawa. 

Depth approximately normal.

Southern California. Epicenter by Pasadena

Philippine Islands. Epicenter by Manila.. --_.....

Hawaii. Epicenter by U. S. National Park Service 
OlT Ecuador... ._ ................................ .

Westornlini7.il. Depth about 370 kilometers .. _

Western Bra/il. Depth about 400 kilometers. __ 
China Sea. Kpicenter by llukuokaand Mi/.usiiwii

Southern California. Epicenter by Pasadonn 
Solomon Islands ... . .. ... -...

OlT Colombia... .... . . .. .... ..... ....
liatoe Islands. Epicenter by Hat a via -..._-...__...

Coordinates of provi 
sional epicenter

Lat.

H- N. 
63. 5 N.

7 N.

19 N. 
17± N. 
31 S. 
43.2 N.
111.0 N. 
4.5 S. 

27.0 S. 
5.5 N.

42.3 N. 
14± S. 

4 S. 
4 S.

3.5 S.
49 3 N

4 S.
24.5 S.

84 N. 

19.4 N. 

19.fi N.

42.9 N. 
0.3 N.

37.5 N. 
<>2. 5 N. 

5 S. 
4fi.fi N. 
40. 4 N.

/H N. 
40.2 N. 
11 N. 
40.4 N.

4<Ui N. 
34. 1 N. 
34- N. 

40.fi N. 
40.8 N.

21 N. 
33.5 N. 
24 N. 
25 N. 
5.8 N. 

17 N.

19.5 N. 
0 N. 
5 N.

4fi.fi N. 
10 N. 
25 N. 
11 S. 
8.4 S. 

14.7 N.
10 S. 

H S 
23.9 N. 
34.7 N. 
28 N. 
31.7 N. 
33.2 N. 
10 K. 
14 N. 
3 N. 
0.3 S. 
4 K.

LOIIK.

152+ K. 
148.5 W. 
142 K.

100 W. 
1074- W. 
178 W.

(>4. 5 W . 
152.0 K. 
113.0 W. 

7(i. 0 W. 
142.2 K. 
IliKi W. 
142 E. 
142 K.

132. S W. 
142 E. 
fifi..r> W.

5 E. 

155.7 W. 

155.4 W.

145.8 E. 
125 1C.

f,7 E. 
22.5 AV. 

14f> E. 
112.0 W. 
143.3 E.

Sfii \V. 
143.8 E. 
113 E. 
143.1) E.

112.0 W. 
110.9 W. 

71H-. W. 
112.0 W. 
79.1 W.

104 E. 
11(i.9 W. 
110 W. 
110 W. 
12(i. 2 E. 
02 W, 

153 K.
155.5 W. 
85 \V.

112.0 W. 
79 \V. 

112 \V 
1C.5 W. 
70.4 W. 
92.5 W.

1f,l E 
70 W. 

125.3 E. 
100.K \V. 
103 K 
10C..8 W. 
115.5 W. 
101 E. 
93 W. 
7K W. 
97.9 E. 

129 K.

1 F.pieenlers with coordinates given in parentheses are approximate values based on noninstrumenta
reports.



STRONG-MOTION SKISMOCJ It AIM-1 RESULTS

INTRODUCTION

During (he, latter part of l!W2 the Const and (Jeodetic Survey 
inaugurated a program of recording strong ground movements in the 
seismically active regions of the country to ohtain data needed in the 
design of earthquake-resisting structures. Notes pertinent to the 
development of this program will he found in the two preceding 
issues of this series, Serials 57!) and ,r> (.):$, and in Special Publication 
201, "lOarthquuke Investigations in California, M.:i4 l<n.r>." Ma 
terial in the "United Stales Earthquakes" series is restricted to the 
analysis of strong-motion seismograph records. Special Publication 
201 is much broader in scope, containing data on structural and 
ground vibration and detailed descriptions of the various activities 
which comprise the seismological program as a whole. The reader is 
also referred to Special Publication 200, "Selection, Installation, and 
Operation of Seismographs", for descriptive material on strong-motion 
instruments and vibration meters in addition to similar information 
on telcseismic instruments.

Interpretation of record*. --The following analyses are, based largely 
on tin* assumption of simple, harmonic motion. This refers especially 
to the computation of displacement from aecelograph records. An 
exception is the analysis of the Helena, Mont., accelogram which was 
subjected to more rigorous treatment by methods of integration 
which are explained and discussed in most of the reports mentioned 
in the preceding paragraph. As this publication goes to press tests 
art; under way to determine the accuracy of results obtained by in 
tegration, more especially the reality of ultra long-period waves which 
persist in all reductions of this kind. The Ifelena record wras the first 
thus far integrated on which recorded base, lines were available- for 
more accurate measurement and control of the axes of the accelera 
tion curves. The method used in the double integration work is ex 
plained in a mimeographed paper of the Bure.au entitled, ".Strong- 
Motion Report No. 4 Analysis of Strong-Motion Seismograph 
Records of the Western Nevada Earthquake of January ISO, 19IS4, 
With Description of a Method of Analyzing Seismograms by Precise 
Integration."

1'i/itx tiNfd. Quantitative results are expressed in c. g. s. units; 
centimeters or millimeters for displacement; centimeters per second 
for velocity, and centimeters per second per second for acceleration. 
It is sometimes desirable to express acceleration in terms of the 
acceleration of gravity, indicated by "g", which s equal to 9SO 
cm/see.- For practical purposes it is only necessary to point off 
three decimal places to convert cm/sec.- to g.

Sensitivity of the seismographs is expressed as the deflection of 
(he tract', or light spot, in centimeters for a constant acceleration of 
100 cm/see.- This means that the seismometer pendulum is tilted

150
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sideways until the effective component of the earth's gravitational 
field is equal to 100 cm/sec. 2 , or practically 0.1 g.

The following are constants which may be used in converting 
c. g. s. units to the customary English units:

1 cm = 0.3937 in. = 0.03281 foot.
1 cm/sec. = 0.03281 ft./sec.
1 cm/sec.2 = 0.03281 ft./sec.2
1 cm =10 mm.
0.1 g=98 cm/sec.2 = 3.215 ft./sec.2

Damping ratio of the pendulum is the ratio between successive 
amplitudes when the pendulum oscillates under the influence of the 
damping forces alone.

Seismogram illustrations. Reproductions of seismograms are usu 
ally tracings of the original record and must not be accepted as 
genuine copies. The illustrations are intended to show the nature 
of the data rather than furnish a means through which the reader 
may make his own measurements. It is realized that the slightest 
variations in the copy can easily lead to misleading conclusions. 
Those who desire true copies for critical study should address the 
Director of the Bureau for further particulars.

The tabulated instrumental constants refer to the original records. 
The tracings appearing in this publication are reduced so that if the 
constants are applied to them a correction will be necessary because 
of the reduction. The reductions are approximately in the ratio of 
1.6 to 1.

Table 2. List of shocks recorded and records obtained on strong-motion
seismographs in 1935

Date, epicenter, and recording stations

July 13; southern California: Los Angeles, Chamber of Commerce Building _ ...

Sept. 8. 9:03; Imperial Vallev: El Centro _____ ... ____________ . .......
Oct. 23 2 ; Helena, Mont.: Helena.. ___ .. ___________ ... __ ... ___

Oct. 27, 12:20; Helena, Mont.: Helena... -._--._.__.----.----_.......------_.__...

Oct. 28 2 ; Helena, Mont.: Helena.... __ .__-_-_......-_.-__-.__. _ . __ . .......
Oct. 30 2 ; Helena, Mont.: Helena ....._-----.__._..._--_.-_-.._._-..-_ __ .......
Oct. 31, 11:37 3 ; Helena, Mont.: Helena. .........................................

Oct. 31, 12:10 ca; Helena, Mont.: Helena....... _ ...___......_.._.. ___ . _ ...
Oct. 31, about 14:00 2 ; Helena, Mont.: Helena.. .................. ____ ........

Oct. 31-Nov. 1, night 2 ; Helena, Mont.: Helena.. .._._.. ....____._.........___...

Records '

Accelero- 
graph

1 
1 
2 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1

Displace 
ment meter

1

1

1 No records were obtained on Weed strong-motion seismographs.
2 Minor.
s Important.
4 Several other small aftershocks on this record.
« Two slight quakes.
8 Two fair-sized shocks, one of them completely recorded.



(32 COAST AND GEODETIC SURVEY 1935

THE NORTHERN CALIFORNIA EARTHQUAKE OF JANUARY 2, 1935 

EARTHQUAKE DATA AND RECORDING STATIONS

Epicenter. About 50 miles west of Cape Mendocino.
Maximum intensity and damage. V on shore. Possibly VII at epi 

center. Practically no damage.
Area affected. 4,000 square miles on land.
Summary of strong-motion records. 
EUREKA: About 70 miles north 68° east of epicenter. Recorded 

on the accelerograph and displacement meter in the basement of the 
Federal Building.

ANALYSIS OF THE EUREKA RECORD OF JANUARY 2

Accelerograph record. Figure 21. The maximum acceleration of 
less than 3 cm/sec. 2 is restricted to a few waves of 0.4 or 0.5 sec. 
period. The record is essentially a short-period type with values 
ranging from 0.15 to 0.50 sec. In the end portion weak waves of the 
order of 1 sec. period are in evidence. The total duration is about 
60 seconds.

Displacement-meter record. Figure 21. Displacements of the shorter 
period waves are so small that only a few of the 0.25 and 0.5 sec. waves 
are weakly recorded in the early part of the record; 1 sec. periods are 
weakly apparent throughout a large part of the record. The maximum 
displacements of 1.2 mm are associated with periods of 3, 5, and 10 
seconds. The wave types are badly mixed, smooth sinusoidal waves 
being difficult to find.

THE NORTHERN CALIFORNIA EARTHQUAKE OF MARCH 3, 1935 

EARTHQUAKE DATA AND RECORDING STATIONS

Epicenter. Near Upper Mattole, according to Berkeley. 
Maximum intensity and damage. V at Upper Mattole. No damage. 
Area affected. Small. 
Summary oj strong-motion records. 
FERNDALE: About 20 miles north 9° west of epicenter. Recorded 

on the accelerograph on the ground floor of the town hall.

ANALYSIS OF THE FERNDALE RECORD OF MARCH 3

Accelerograph record. Figure 21. The maximum horizontal accel 
eration was close to 5 cm/sec. 2 and was associated with periods of 
0.15 and 0.20 sec. The estimated maximum displacement is about 
0.003 cm. A series of 0.5 sec. waves are discernible but are almost 
masked by tremors of 0.15 and 0.20 sec. period. On the vertical 
component the 0.20 sec. waves have only about one-half the amplitude 
which they have on the horizontal component. After 20 seconds 
practically all activity ends.

THE SOUTHERN CALIFORNIA EARTHQUAKE OF JULY 13, 1935 

EARTHQUAKE DATA AND RECORDING STATIONS

Epicenter. San Gabriel Mts., 34° 10' N.117°52' W. 
Maximum intensity and damage. V. Damage none or slight. 
Area affected. About 14,000 square miles.
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Summary of strong-motion records.  
Los ANGELES: About 20 miles south 69° west of epicenter. Recorded 

on the accelerographs in the basement and on the 13th floor of the 
Chamber of Commerce Building.

ANALYSIS OF THE LOS ANGELES RECORDS OF JULY 13, 1935

Accelerograph record in basement.   Figure 22. There is very little 
motion. On the vertical record the maximum acceleration is some 
what less than 1 cm/sec.2 , and on each of the horizontal components 
slightly less than 2 cm/sec.2 The motion is irregular in character. 
There is some evidence of a period of about 0.14 sec. on the southeast 
component. The motion dies out after about 20 seconds.

Accelerograph record on the 12th floor.   Figure 22. The maximum 
motion on the vertical component occurs in the first few seconds, and 
consists of several trains of waves of about 0.16 sec. period and maxi 
mum acceleration about 3 cm/sec. 2 The early part of the record on the 
southwest component shows the largest acceleration on the gram, 
slightly more than 3 cm/sec.2 , but this motion is very irregular; periods 
in the neighborhood of 0.52 sec. can perhaps be distinguished. Super 
posed on this motion is some motion of shorter period, 0.19 sec., and 
smaller amplitude, less than 1 cm.'sec.- The northwest record also 
shows two rather irregular periodic motions in the early part, with 
periods about 0.48 sec. and 0.20 sec., and amplitudes about 2 cm/sec. 2 
in each case.

The short-period motions die out in the first 20 or 30 seconds of the 
record. Later, and continuing for about 30 seconds more, are some 
weak long-period waves on both horizontal components. They have 
the same period, 1.18 sec., and about the same amplitude, slightly 
less than 1 cm/sec. 2 in each case, and are responsible for maximum 
displacements of the building at the twelfth floor, namely, about 
0.04 cm.

The long-period waves are approximately in opposite phase on the 
seismogram, so that the building motion is linear, in direction S. 11° E. 
This direction is not nearly parallel to either side of the building, but 
is almost normal to the direction of the quake, estimated as about 
north 69° east. This indicates a distinctly transverse type of wave 
motion.

THE IMPERIAL VALLEY EARTHQUAKES OF SEPTEMBER 8, 1935 

EARTHQUAKE DATA AXD RECORDING STATIONS

Epicenter.   San Andreas fault zone vicinity of Holtville, 32°54 / N.,

Maximum intensity and damage.   Two shocks, the first at 6:40 and 
the second at 9:03, each of intensity V and doing no damage.

Area ajfected.   Small.
Summary of strong-motion record*.  
EL CEXTRO: About 20 miles south 65° west of epicenter. Both 

shocks recorded on the accelerograph at the Southern Sierra Power Co. 
terminal station.
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ANALYSIS OF EL CENTRO RECORDS OF SEPTEMBER 8

Accelerograph record for 6:40 a. m. shock. Figure 22. On the verti 
cal component the motion is weak and irregular. The maximum 
acceleration is about 4 cm/sec. 2 , and there is some indication of periods 
in the neighborhood of 0.14 sec.

On the north-south component the maximum acceleration, 12 
cm/sec.2 , occurs almost at the beginning of the record, but it is impos 
sible to distinguish the period of this motion on account of irregular 
drum rotation. There are no long regular trains of waves, but periods 
of about 0.14 sec. and 0.19 sec. can be distinguished, with accelerations 
of 11 and 5 cm/sec. 2 respectively.

On the east-west component, the maximum acceleration is 15 cm/ 
sec. 2 , occurring about 5 seconds after the beginning of the record, and 
associated with a period of about 0.12 sec. One or two seconds later 
there is a train of three or four regular waves of period 0.18 sec. and 
maximum acceleration 10 cm/sec. 2 There is also present some motion 
of period 0.48 sec. and maximum acceleration 6 cm/sec. 2

Accelerograph record for 9:03 a. m. shock. -Figure 23. The record is 
blurred and periods of motion difficult to distinguish, especially on the 
vertical and east-west components. The maximum acceleration on 
the vertical component is 4 cm/sec. 2

On the north-south record the maximum acceleration occurs at the 
beginning of the record. It may have been preceded by brief motion 
of higher acceleration which was not recorded. The maximum acceler 
ation of this motion is 11 cm/sec. 2, and the period about 0.17 sec. One 
or two seconds later there appears a train of about three regular waves 
of period 0.15 sec. and maximum acceleration 7 cm/sec. 2 There is also 
present motion of period about 0.27 sec. and maximum acceleration 
5 cm/sec. 2 at one place and 7 cm/sec. 2 at another.

On the east-west component, the acceleration is again high at the 
start, 10 cm/sec. 2 , with period again indistinguishable, but the highest 
acceleration appears about 6 seconds later. It is 16 cm/sec. 2 , with 
period about 0.23 sec.

In the case of each earthquake, the active phase lasted about 15 
sec. and then gradually decreased until, at the end of 60 sec., practically 
all visible activity on the record had ceased. The two records are of 
the same general intensity and type.

THE SOUTHERN CALIFORNIA EARTHQUAKE OF OCTOBER 24, 1935 

EARTHQUAKE DATA AND RECORDING STATIONS

Epicenter. Mill Creek fault, 34°06' N., 116°53' W. 
Maximum intensity and damage. V. Slight cracks in plaster; very 

little further damage.
Area affected. About 29,000 square miles on land.
Summary of strong-motion records. 
Los ANGELES: 78 miles south 87° west of epicenter.

ANALYSIS OF LOS ANGELES SUBWAY TERMINAL RECORD OF OCTOBER 24

Accelerograph and displacement-meter records in sub-basement.  
Figure 23. There is very little motion. On the vertical component 
the maximum acceleration is about }( cm/sec.2, and its period indis 
tinguishable. On the northeast (more precisely N. 40° E.) com-
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ponent, the acceleration is about }i cm/sec.2 , with period 0.12 sec. 
The northwest component shows motion of maximum acceleration 
about % cm/sec.2 and period about 0.20 sec.

The motion recorded on the displacement-meter is so slight that 
the record is not reproduced. There is some indication of a period 
of 1.7 seconds on the northeast component, with maximum displace 
ment 0.02 cm, and on the east-west component a period of 1.4 sec. 
with amplitude 0.01 cm.

Accelerograph record on 18th floor. Figure 23. The motion is 
greater here than in the subbasement because of resonance of the 
building. The vertical component shows periods of 0.18, 0.16, and 
0.14 sec. with maximum accelerations 1, % and 2 cm/sec.2 , respectively. 
On the north-east component periods of 0.70, 0.62, and 0.12 sec. are 
distinguishable, with accelerations of 1, 2, and 1 cm/sec.2 , respectively. 
The maximum acceleration on the northwest component is 2 cm/sec. 2 , 
which is associated with a period of 0.59 sec., and also occurs else 
where in irregular motions. The periods 0.70 and 0.59 sec. are 
approximately the same as two of the periods recorded in the vibra 
tion tests of this building, namely, 0.68 sec. for the northeast com 
ponent and 0.56 sec. for the northwest.

This is the first earthquake recorded with accelerometers equipped 
with the new attachments which provide auxiliary light spots of low 
sensitivity, but the shock was much too weak to require their use.

THE HELENA, MONT., EARTHQUAKES OF OCTOBER 27, 31, NOVEMBER 4, 5, 6, 21, AND
28, 1935

NOTE. Minor shocks were recorded on October 23, 24, 26, 27, 28,30, 31 (at 11:50), 31 (at 14:00), 31 (at 15:40), 
and 31 (at night). For these there are no illustrations nor analyses.

EARTHQUAKE DATA AND RECORDING STATIONS

Epicenters. The central point or average position of all recorded 
shocks is estimated to be about three miles northeast of Helena. See 
description on pages 42 to 56.

Maximum intensity and damage. VIII for the heavy shock of 
October 31; VI to VII for the shocks of November 28. All others 
"strong." The October 31 earthquake resulted in additional damage 
to the extent of about $1,000,000. Damage in Helena for the entire 
series was nearly $4,000,000, most of which occurred on October 18. 
The strong motion seismograph was not in operation until October 21 
at 9 p. m.

Maximum area affected. About 140,000 square miles.
Summary of strong-motion records. After the strong shock of 

October 18 at Helena a strong-motion party under F. P. Ulrich was 
rushed from California with an accelerograph and vibration meters in 
the hope that important data might be obtained from aftershocks. 
This expectation was amply fulfilled as the shock of October 31 was 
quite comparable in intensity with the destructive shock of October 18.

A great many shocks were recorded on the accelerograph which 
was installed in the Federal Building in Helena but only a limited 
number are believed to be worth special mention. They comprise 
the seven records listed in the title of this section. Ten others listed 
in the note to the title, and also listed in table 4, are very weak. 
There are some activities on the records which are so weak that it is 
difficult to tell whether they are of seismic origin.
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Down

South
*ftftW*V+»**AW*"

West 
  WW**~W+*++

Time

October 27, 12:20. Helena accelerograph record

Down

South

West

0 Seconds __5.____ _____ 10 ___

October 31, 12:10. Helena accelerograph record

South
\afritfVwx-VWv . -<vw*- « 

West

0 Seconds_ ______5_____ ____i°___._

November 4. Helena accelerograph record

, . Down!yuivy*vvv~^~^^^^~

South
^ViVvA~*^^^w

West

0_SjBconds_ ______5_________1°____.

November 5. Helena accelerograph record

FIGURE 24. Tracings of Helena, Mont., accelerograph records of October 27, 31, November 4 and 5.
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The station at Helena was from 2 to 5 miles southwest of the 
estimated epicenter.

An analysis of the records for information used in locating local 
epicenters will be found on pages 44 and 45.

ANALYSIS OF THE HELENA RECORD OF OCTOBER 27 AT 12120

Accelerograph record. Figure 24. The motion is of short-period 
type, as in the case of the strong shock of October 31, and is stronger 
on the horizontal components than on the vertical. The periods on 
the horizontal components vary from 0.11 sec. to 0.14 sec., and on 
the vertical from 0.09 sec. to 0.12 sec. The maximum acceleration 
of 7 cm/sec.2 is on the north-south component.

ANALYSIS OF THE HELENA RECORD OF OCTOBER 31 AT 11:37

Accelerograph record. Figures 25 and 26. This is perhaps the 
most valuable record obtained since the inauguration of the strong- 
motion program. It is unique in having been obtained within only 
a few miles of the focus of a destructive shock and in representing just 
about the maximum amplitude which an instrument of this type may 
be expected to record in a legible manner. (The newer type acceler- 
ometers have additional "low sensitivity" elements which adequately 
take care of accelerations of unusually large range.)

Short-period waves dominate on all three components. Because 
of the irregularity of the trace it is difficult to recognize periods of 
more than a few tenths of a second. All of the readings made are 
tabulated in table 4. It will be seen that periods of 0.16 sec. and 
0.13 sec. are strongest on the north-south component and 0.225 sec. 
on the east-west; while on the vertical they are only 0.125 sec.

Periods longer than these are more clearly defined on the computed 
velocity curves explained later.

The maximum acceleration is 115 cm/sec.2 , on the north-south 
component. All of the higher accelerations are associated with 
short-period waves.

Analysis by integration. The acceleration curves for all three com 
ponents were double-integrated by the method described in Strong- 
Motion Keport No. 4 (mimeographed") which is available from the 
Director, Coast and Geodetic Survey, Washington, D. C. The first 
integration of an acceleration curve vields a velocity curve; an integra 
tion of the velocity curve yields a displacement curve.

In integrating the Helena record the original sheet was magnified 
7.62 times on millimeter coordinate paper, great care being exercised 
to keep the base lines of the accelerogram on fixed reference lines as 
the enlarged images were traced on the paper. Because of the high 
speed of the light spot at the time of the earthquake only the turning 
points of some of the larger amplitude waves could be seen on the 
original accelerogram so that it was necessary to draw fine pencil 
lines between them in order to make the complete record legible. 
During the first 4 or 5 seconds the time increment adopted in scaling 
ordinates on the enlarged record was 0.0113 second. Exactly 400 
ordinates were read on the curve over this approximate period of 
time. For the remainder of the record the time increment was 5 
millimeters or 0.0565 second, there being a total of 1,000 readings 
for the larger increment. It was necessarv to use the smaller time
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increment in the more active part of the record to obtain enough 
points for an accurate reading of the curve, and have enough to 
properly define the shorter period waves. Each of the 6 computed 
curves, therefore, represents the plotting of 1,320 points.

In this method of integrating the general nature of the computed 
curves, especially the displacement curves, are dependent on arbitrary 
choosing of the positions of the axes of the acceleration and velocity 
curves. These are unknown constants. Axes are chosen which yield 
the most probable type of displacement curves, and, in the case of 
oscillatory motion, there is usually no difficulty in choosing axes 
such that the resultant displacements represent this typo of move 
ment, it being presumed that there are enough wave cycles to properly 
determine the axis. In other types of motion the problem becomes 
more complicated. This, together with other matters, is discussed 
later for the particular problems in hand.

Velocity curves. The three velocity curves obtained by single 
integration of the three acceleration curves are shown in figures 
27, 28, and 29. The outstanding feature is a large complex wave 
appearing -within the first few seconds of the record. The measure 
ments of this wave, as well as others on the record, are listed in table 
4, all estimates of displacement being made on the assumption that 
the motion is of simple harmonic character. It is difficult to obtain 
the exact displacement from the velocity curve because the curve is 
evidently distorted. Nevertheless, the estimated displacement of 
1.82 cm on the assumption of simple harmonic motion compares 
reasonably well with the 2.2 cm on the displacement curve obtained 
by integration. The figures for the corresponding vertical motion 
are practically identical at 1.62 and 1.6 cm. On the north-south 
component the wave appears to have little significance.

It is difficult to assign a definite period to the outstanding wave on 
the east-west component because of superimposed activity. The 
tabulated value of 1.18 seconds must be accepted with some reserve. 
It checks quite well, however, with the apparent period on the dis 
placement curve, and the same is true of the corresponding vertical- 
component wave. The periods on the two components, however, 
are wide apart, all of which adds to the difficulty of visualizing the 
true motion in simple terms.

In connection with this wave in which practically all of the hori 
zontal motion is in an east-west direction, one cannot keep from 
speculating on the hypothesis that it was generated by a slipping of 
the fault described by H. W. Scott on page 55. The strike of this 
fault is approximately north 75° west so that the far greater part of 
the motion of a transverse wave generated by a movement along the 
fault would be in an east-west direction.

Perhaps the most serious problem in connection with the velocity 
curves is the fact that on all of them the initial velocities are ab 
normally high, and no legitimate adjustment can be made which will 
bring them closer to the normal axes. A velocity curve can be shifted 
at will but it cannot be bent like a double-integrated curve. The 
high initial velocities, therefore, cannot be eliminated without seri 
ously affecting the ordinates in the relatively quiet end-portion of 
the record and this is untenable.

The divergencies from zero at the beginning may be due to one of 
the three following causes: (1) There may have been a movement of 
the ground which had actually reached the computed velocities by
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the time the accelerograph began recording. It may be a true velocity 
record. (2) They may be due to a permanent tilting of the ground 
during the first few seconds. If this were true the angle of tilt would 
be only a few minutes of arc. (3) They may be due to a shifting of 
the zero position of the acceleromcter pendulum which would cor 
respond to a shifting of about one-quarter millimeter of the light 
spot zero position during the active portion of the earthquake. This 
is not improbable because shifts of this magnitude arc sometimes

COMPUTED DISPLACEMENT CURVES
BASED ON

HELENA, MONTANA, ACCELEROGRAPH RECORDS
OF OCTOBER bl, 1935 

ADJUSTMENT "A"

DISPLACEMENT UP

FIGURE 30. Displacement curves computed from the Helena, Mont., accelerograph record of October 31.
Adjustment "A".

noted on the accelerograms when the pendulums are plucked to 
measure their damping ratios. This matter is now being investigated.

Displacement curves. Figures 30 and 31 represent two solutions 
for displacement. Solution of the problem is difficult because no dis 
placement curve which can be produced by shifting the acceleration 
and velocity curve axes resembles even remotely oscillations about 
a central point. This is the result of the irregular form of the velocity 
curves due to the high initial (computed) velocities.

Solution "A" is based on the assumption that the displacement 
curve must be near zero at both the beginning and end of the record.
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In the case of a permanent displacement this would obviously not be 
true. Solution "B" assumes that there is a permanent displacement 
during the first few seconds of the earthquake and that the axis, or 
final zero position of the pendulum, can be determined from the quiet 
portion of the record which comprises about three-fourths of the entire 
run.

As adjustment "A" cannot be reconciled with any type of motion 
thus far known in an epicentral region it should, in the author's opin-

COMPUTED DISPLACEMENT CURVES
BASED ON

HELENA, MONTANA, ACCELEROGRAPH RECORDS
OF OCTOBER 31, 1935

ADJUSTMENT "B"

DISPLACEMENT SOUT

DISPLACEMENT EAST

TIME IN SECONDS

FIGURE 31. Displacement curves computed from the Helena, Mont., accelerograph record of October 31.
Adjustment "B".

ion, be ruled out at least tentatively. Adjustment "B" obtained by 
shifting the axes of the acceleration and velocity curves, is much more 
susceptible to explanation. If permanent displacement is the real 
answer it is possible that a verification will to some extent be avail 
able when the results of releveling operations are known. The Coast 
and Geodetic Survey is rerunning an old line of levels in the vicinity 
of Helena for the specific purpose of measuring possible changes in 
elevation. Adjustment "B" indicates an increase in elevation of
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about 7 cm due to the disturbance of October 31 alone, and a rerun 
ning of precise levels would detect changes of this order. With the 
triangulation scheme now established in the Helena region it is ques 
tionable whether even the 14-cm northward movement indicated in 
adjustment "B" could be detected by repeat observations.

The problem of block tilting or any other type of tilting is difficult 
of solution because there is no way to distinguish on a seismograph or 
accelerograph record between displacement of the pendulum due to 
tilt and displacement due to horizontal motion. Both types of 
acceleration displace the pendulum. Tilt observations, or more 
specifically measurements of rotary motion, would have to be made 
to shed more light on the subject. The probability of charging these 
large preliminary displacements to shifting of the zero position of the 
pendulum has been mentioned in the discussion of the velocity curves.

In Table 4 no measurements are made on the displacement curves 
because only the longer periods, 15 seconds and up, appear to advan 
tage. Activity during the first three seconds is an exception. The 
long-period waves are of more special concern to the geophysicist than 
to the engineer, but in either case they are important where intercom- 
parison of the results from more than one station is concerned. In 
view of the fact that the Helena record is only half as long as those 
obtained for the Long Beach earthquake of 1933 because of speeding 
up of the record drum, the longer wave forms cannot be completely 
developed. There, nevertheless, seems to be good evidence of a wave 
of about 25 seconds period, and, if the rise in the north-south curve 
has any significance it may be interpreted as one cycle of a wave of 
approximately 50 seconds. Before definite verification of the exist 
ence of ultra long-period waves can be given certain tests involving 
the performance of instruments and the accuracy of the computation 
must be made. As this publication goes to press such tests are under 
way.

ANALYSIS OF THE HELENA RECORD OF OCTOBER 31 AT 11:42

Accelerograph record. Figure 26. Short periods predominate here 
as in the main shock, the outstanding periods being 0.15 sec. on the 
north-south component and 0.10 sec. on the east-west, with shorter- 
period motion superposed. The vertical component shows a regular 
train of waves of period 0.12 sec. and somewhat less amplitude than 
the horizontal.

The maximum acceleration is 51 cm/sec. 2 , on the north-south com 
ponent.

ANALYSIS OF THE HELENA RECORD OF OCTOBER 31 AT ABOUT 12:10

Accelerograph record. Figure 24. The outstanding feature is the 
appearance on all components, but especially the horizontal, of regular 
waves of period 0.08 sec. There is also some longer-period motion, and 
some low-amplitude motion of very short period superposed.

The maximum acceleration is about 42 cm'sec.2 on both horizontal 
components.

ANALYSIS OF THE HELENA RECORD OF NOVEMBER 4

Accelerograph record.  Figure 24. This is a weak record of short- 
period type, showing a maximum acceleration of 9 cm/sec. 2 , on the 
east-west component.
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ANALYSIS OF THE HELENA EECORD OF NOVEMBER 5

Accelerograph record. Figure 24. The maximum acceleration, about 
24 cm/sec.2 , occurs at the beginning of the record on the east-west 
component and may have been preceded by stronger motion of brief 
duration. The periods are short, from about 0.10 sec. to 0.15 sec., 
with some indications of low-amplitude motions both of shorter and 
longer periods.

ANALYSIS OF THE HELENA RECORD OF NOVEMBER 6

Accelerograph record. Figure 32. A weak record of short-period 
type showing maximum acceleration of 9 cm/sec.2 near the beginning 
of the vertical component record.

ANALYSIS OF THE HELENA RECORD OF NOVEMBER 21

Accelerograph record. Figure 32. A weak record with most pro 
nounced motion having a period 0.22 sec. There are present also 
some waves of period 0.25 sec., and some weak vibrations of short 
period. The maximum acceleration is 8 cm/sec.2

ANALYSIS OF THE FIRST HELENA RECORD OF NOVEMBER 28

Accelerograph record. Figure 33. Short-period motion predomi 
nates, being very regular on the horizontal components. Its period is 
about 0.10 or 0.11 sec., and maximum acceleration about 80 cm/sec. 2, 
practically the same on both horizontal components. There is also 
some longer-period motion present on all components, and some traces 
of shorter-period motion on the vertical, but it is rather indefinite.

The smoothness of the train of large amplitude 0.10 sec. waves is an 
unusual feature of this record there being from four to five waves of 
quite uniform character on each component.

ANALYSIS OF THE SECOND HELENA RECORD OF NOVEMBER 28

Accelerograph record. Figure 33. Motion of period 0.11 sec. is again 
prominent on the horizontal components, especially the east-west. 
The vertical component shows longer periods, 0.31, 0.16, and 0.15 sec., 
with weak short-period motion superposed.

The maximum acceleration is associated with a single wave of 0.10 
sec. period on the east-west component. A few other waves on the 
same component have little more than half that amplitude. Although 
it follows the start of the preceding shock by only nine seconds the 
second record is much more irregular in character and the maximum 
portion is of shorter duration.

THE IMPERIAL VALLEY EARTHQUAKE OF DECEMBER 19, 1935 

EARTHQUAKE DATA AND RECORDING STATIONS

Epicenter. Imperial Valley, 33°10' N, 115°30' W., according to 
Pasadena.

Maximum intensity and damage. V at El Centro. No damage.
Area affected. Small.
Summary oj strong-motion records. 
EL CENTRO: 23 miles south 8° west of epicenter.
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ANALYSIS OF EL CENTRO RECORD OF DECEMBER 19

Accelerograph record. Figure 32. The motion is very irregular, 
especially on the vertical component, where the maximum acceleration 
of 2 cm/sec.2 seems to be associated with a period of about 0.28 sec 
ond. Some indication of periods of 0.36 and 0.44 second also is 
present, with maximum acceleration about 1 cm/sec.2 in each case.

On the north-south component the maximum acceleration of 7 
cm/sec.2 occurs in irregular motion. Short and poorly defined trams 
of waves of periods 0.88, 0.77, 0.52, and 0.44 sec. are perceptible, with 
respective accelerations of 5, 6, 1, and 2 cm/sec.2 There is also irreg 
ular motion with acceleration of 5 cm/sec. 2

On the east-west component the maximum acceleration of 7 cm/sec.2 
occurs again in irregular motion. The best defined train of waves is 
one consisting of three waves of period 0.39 sec. and amplitude 
4 cm/sec. 2 There is some indication of waves of period 0.91 sec. with 
acceleration 6 cm/sec.2 at one point and 4 cm/sec.2 at another.

Table 3. Summary of strong-motion seismograph data for the year
19351

NORTHERN CALIFORNIA EARTHQUAKE OF JAN. 2

Station and instrument Earth-wave period Maximum accel 
eration

Maximum 
displacement

Seconds Cm/sec.3 Cm 
Eureka accelerograph_ --_--   -   _-__________ 1 23_

0.4-0.5     .  . <3<_  -    <0.02s.
0.15-0.50. 

Kureka displacement meter.......______... 3,5, 10 6______  . 0.5,5 0.2,5 0.05 5._. 0.12 7 .
1'_._ _
0.53..
0.25 3.

NORTHERN CALIFORNIA EARTHQUAKE OF MAR. 3

Ferndaleaccelerograph______  _._..    _   0.5 8 _
0.20,0.15....   .. 5«_.............. 0.005',0.003'.
0.20-...           . 2.5 *   __      0.0025.5

SOUTHERN CALIFORNIA EARTHQUAKE OF JULY 13

Los Angeles Chamber of Commerce, basement 
accelerograph. _._____    __ 2 6.

168.

Los Angeles Chamber of Commerce, penthouse 1.18...____--__.. 1__.._____ 0.04 s. 
accelerograph. 0.52 » 6_________ 3_________ 0.02 s .

0.4826               - 22              0.01!.
0.2020.         .. 2 2         0.002'.
0.19")...,     -.-.--. 1-         0.0015.
0.16 *»       _     3 »         .. 0.002*.

IMPERIAL VALLEY EARTHQUAKE OF SEPT. 8 AT 6:40

El Centre accelerograph....--.__..._____ 0.48.._________ 6__._____ 0.04*.
0.192-...-   ..     . 5...      ..  0.005*.
0.18...         ..  10.          0.0085.
0.142------_........ 11.._......._ 0.005*.
0.14 26,................ 4 >          0.0025.
0.122--.     -    .. 15«-...-......... 0.0055.
                 12 «.

See footnotes at end of table.
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Table 3. Summary of strong-motion seismograph data for the year
1935 Continued

IMPERIAL VALLEY EARTHQUAKE OP SEPT. 8 AT 9:03

Station and instrument Earth-wave period Maximum accel 
eration

Maximum 
displacement

Second* Cm/tec.* Cm 
El Centre accelerograph-..-._..      0.27«.................. 5, 7-... ....... 0.009',0.013'.

0.23'.. .     16«........    0.021'.
0.17»    ... .... 11............... 0.008*.
0.15.....-     7.  .......... 0.004*.

10. 
4»

SOUTHERN CALIFORNIA EARTHQUAKE OF OCT. 24

Los Angeles subway terminal, basement accel- 0.20.........      0.5 14.._____ 0.0005'.
erograph. 0.12.......  ...  0.3»    .... 0.0001 >.

	0.5 » »._.   
Los Angeles subway terminal.basement dis- 1.7'_________ 0.3'_.____ 0.02.

placement meter. 1.4'....._   -.... 0.2 ». _____ 0.01.
Los Angeles subway terminal, 13th floor accel- 0.70"...        1   _.__ 0.01 s .

erograph. 0.62..          2    ........ 0.02*.
0.59".-.-   -  2..  ........ 0.02'.
0.18-..  .     I   ..    .  0.001*.
0.16.. -.     0.5..       0.00035.
0.14.....        2    ... - 0.001'.
0.12.          1  ...   . 0.0004'.

HELENA, MONT., EARTHQUAKE OF OCT. 27 AT 12:20"

Helena accelerograph________._..._ 0.14_________ 7___.____ 0.003'
0.13...          6          0.002'
0.12  »         3.        0.001'
0.11.-         5,6       0.002'
0.10   -...... ....   4.  .      0.001'
0.09    .... ........ 4          0.001 s

HELENA, MONT., EARTHQUAKE OF OCT. 31 AT 11:37

Helena accelerograph. See special tabulations 
for main shock in table 5.

HELENA, MONT., EARTHQUAKE OF OCT. 31 AT 11:42

Helena accelerograph           .... 0.28..  .......  .. 14   ..    0.028'.
0.21«  ......    13        0.015«.
0.15...        51         0.029*.
0.12            19        0.007*.
0.10-.--       41.      .. 0.010'.

HELENA, MONT., EARTHQUAKE OF OCT. 31 AT ABOUT 12:10

Helena accelerograph____...__.   .... 0.14»_......    . 3.    .   0.001'.
0.13...       10      ..   0.004*.
0.08--..        . 40, 43 1 '..    - 0.006»,0.007*.
0.08           10.    -   0.002'.

HELENA, MONT., EARTHQUAKE OF NOV. 5

Helena accelerograph___..._...__------ 0.15..__..........  18   ...   0.010*.
0.13 «...............   12       . 0.005*.
0.10----       18-       0.005*.

See footnotes at end of table.
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Table 3. Summary of strong-motion seismograph data for the year

1935 Continued

HELENA, MONT., EARTHQUAKE OF NOV. 21

Station and instrument Earth-wave period Maximum accel 
eration

Maximum 
displacement

Seconds Cm/sec.3 Cm
Helena accelerograph...______.___.__ 0.25 1 '.-.._______ 2___.___._ 0.003 s .

0.22----.--_...__. 8-__.---__-- 0.010 s.
0.14 ».._.... ........ 4...     .    0.002'.
0.13  -----.--.-__-_ 5,3._.__-.-- 0.002',0.001*.
0.08----------___... 5-----_ _ 0.001*.

HELENA, MONT., FIRST EARTHQUAKE OF NOV. 28

Helena accelerograph...-   ...__.___.___ 0.31....   _______ 22__...___ 0.054 s.
0.28...   -      17.    ...  .. 0.034'.
0.11  »-.-   ...-  35--. --.....- 0.011'.
0.10--..--    ---- 80,77  --..- 0.020'.

HELENA, MONT., SECOND EARTHQUAKE OF NOV. 28

Helena accelerograph.....__._....___._ 0.31  _   ______.__ 9-_.______ 0.022*.
0.16   ..   .   ... 10--.   -..   0.006'. 
0.15   --.         15-_-.      .-- 0.0095. 
0.11.--       -      91,63  ..---_ 0.028',0.019'.

_____ __________________________I____________________

IMPERIAL VALLEY EARTHQUAKE OF DEC. 19

El Centro accelerograph..    _-___   .   0.91 ______.__ 6______------ 0.14 s .
0.88 -         .   5.--.--------- 0.10s .
0.77 ....... ........ 0 .......__.. 0.09s .
0.52  ..         . 1  ..     . 0.01 s .
0.44  .........    2...     ..    0.015.
0.44    .-.    .._ 1.....  ........ 0.005 s.
0.39 4 .....      .... 4-.-.    ....... 0.02*.
0.36              1        ...- 0.003 s-
0.28"       -   - 2...  ........ 0.004 s.
 ..               7« 4 , 5«.

_______________________________i_____________________________________

1 This tabulation does not attempt to combine the 2 horizontal components. See text for more detail and 
descriptions of the seismograms.

2 Approximate value. 
1 Weak motion.
4 Maximum acceleration on the record.
5 Computed from the measured or previously computed acceleration or displacement by means of the

formula a= _,2 , in which a is the maximum acceleration, T the period, and A the displacement. In the
oase of waves not of simple harmonic form the results obtained by use of this formula are only approximate. 

* Irregular motion.
7 Maximum displacement on the record.
8 Poorly defined waves.
' On the vertical component.

10 Superposed on the 0.52 sec. period waves.
11 Period indistinguishable.
» The minor Helena earthquakes of Oct. 23, 24, 26, 27 at 23:08, 28,30, 31 at 11:50, 31 at about 14:00, 31 at 

about 15:40 [?], night of Oct. 31-Nov. 1, Nov. 4 and 6 are omitted from this tabulation. These are all weak 
aftershocks the records of which yield very little information.

> 3 Two of the periods found for this building in vibration tests were 0.68 sec. and 0.56 sec.
» Well defined waves.
IS Regular waves.
'  Short-period motion of small amplitude superposed on these waves.
17 Some shorter- and some longer-period motion also present, but not prominent, on the vertical com 

ponent.
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Table 4. Analysis of the Helena, Mont., accelerograph records for the 
main shock of October 31

[For each group of waves a value is tabulated for the minimum (a), the mean (b), and the maximum (c)
in the group]

READINGS FROM THE ACCELEROGRAM

Component

NS-..-.-..-.-..... ......

NS-     _-.. -.._-.-_.. .

NS... ........ ......... ..

NS_._.___. _.____. .

KW

Time after 
beginning 
or record

Sec. 
0. 4-1. 4

1.5-1.7

3 4 4 9

0. 8-1. 1

Number 
of waves 
in group

1

11.5

Q C

9

3 r

Period

Sec. 
0.131

0.159

0.130

n too

0.125

b 
c

b 
c

b 
c

b 
e

b 
c

b 
c

b 
c

Acceler 
ation '

Cm/sec. 2

19 
32

59 
61

54 
115 
12
18 
21

62 
105

60 
78 
25
33 
52

Velocity 2

Cm/sec. 
0.17
0.40 
0.67
i AK

1.49 
1.53 
0.20
1.12 
2.41 
0.38
0.56 
0.66 
0.97
2.50 
4.26 
0.73
1.20
1.55

0.55 
0.86

displace 
ment 3

Cm

0.008 
0.014

0.038 
0.039 
0.004
0.023 
0.050

0.018 
0.021 
0.039
0.102 
0.173 
0. 015
0.024 
0.031 
0.007
0.009 
0.014

Acceler 
ation i

Gravity 
0 008
0.020 
0.033

0.060 
0.062 
0.010
0.055 
0.118 
0.021
0.018 
0.012 
0.024
0.063 
0.107 
0.037
0.061 
0.080 
0.025
0.034 
0.053

READINGS FROM THE COMPUTED VELOCITY CURVES

NS___. . _______.__.-

NS.-_.__ ....... _ .. ....

MS.............. .

NS.. . . _____ _

NS_._. ______

EW. ........ -_____. 

EW.____ ___ ..... .

EW,.. .......

EW......... _._.__ __

EW..... ......

Vertical.. ___ ... . . . 
Vertical..... . _

Vertical.  .----..-..-.....

0. 4-1. 4

1. 6-2. 1

2 9-3 4

6. 8-14. 4

0.9-1.4

i ft  9 n

2. 4-3. 4

5. 8-10. 1

1. 9-2. 2 
2. 4-2. 9

1.1-2.9

7.5

1.5

6

4.5

4

1 
3

1

0.146

0.364

1.26

0.109

1.22

0.307 
0. 940

b 
c

b 
c

b 
c

b 
c

b
c 
a 
b 
c

b
c

b 
c

b 
c

b 
c

b 
c

a 
b 
c

8
18 
3S
57
00 
02

82 
105

57 
65 
0.7
1.3 
1.9 
0.3 

23 
03 
21
:.(> 
51

58 
04

r>o
83 
2.0
3.1
r..4

18
26 
33 
41 
28 
70 

122 
19

0.17
0.39 
0.81 
4. 51
4.76 
4.98 
1.37
1.91 
2.44

3.32 
3.70

0. 20 
0.3H 
0.005 
0.40 
1.09 
4. (H)
0.82 
9. Of,

1.30 
1.52

2.04 
3.06

0.00 
1.0.

0. 55 
0.70 
1.08 
0.71 
1.78 
3. 10 
5. 58

0.004
0.008 
0.017 
0. 304
0.380 
0. 397 
0. 032
0.044 
0. 057 
0. 150
0. HI3 
0.218 
0. 027
0. 052 
0.070 
0.0001 
0.0070 
0.019 
0. 75
1.29 
1.82« 
0. 028
0. 032 
0. 030 
0.032
0. 075 
0.112 
0. 070
0.117 
0.203 
0.008
0.012 
0.015 
0. 097 
0.018 
0. 015 
0.078 
1. 02 <

0.008
0.018 
0.039 
0.058
0.061 
0.003 
0.000
0.084 
0.107 
0.046
0. 058 
0.006 
0.007
0.013 
0.019 
0.0003 
0.024 
0. 005 
0.022
0. 037 
0. 052 
0. 052
0.059 
0. 066 
0.025
0.057 
0. 085 
0.0020
0.0032 
0.0055 
0.01S
0.026 
0.034 
0.042 
0.029 
0.072 
0. 125 
0.020

1 Accelerations obtained from the computed velocity curves are computed on the assumption that the 
motion is simple harmonic.

2 Velocities obtained from the acceleration curves are computed on the assumption that the motion is 
simple harmonic.

3 All displacements are computed on the assumption that the motion is simple harmonic.
4 Head text on p. 73.



UJS'ITKD STATES EARTHQUAKES, 1935 87
Table 5. Instrumental constants of strong-motion seismographs in

1935 Continued

NORTHERN CALIFORNIA EARTHQUAKE OF JAN. 2

Sl,a( ion and instrument Orientation of instru 
ment

S. i-N- --_-.._ .........
E.-W. ..... ...........

S.-N. ...... ...........
W.-E. ......-....--.

Pendu 
lum 

period

Sec. 
0.100
0.099
0.100
9.9

10. 1

Static 
magni 
fication

106
107
102

1.14
1.14

Sensi 
tivity *

Cm 
2.69
2.66
2.58

Damp 
ing 

ratio

8
fi  
7+

18 *
30 <

Instru 
ment 

number

T8
L1H
V29
K13
L13

NORTHERN CALIFORNIA EARTHQUAKE OF MAR. 3

Ferndale accelorograph 3 .   ..   ..... NW.-SK.. ............ 0.098 
0.100 
0.099

108 
113 
102

2.63 
2.86 
2.53

10 
9- 

12

T15 
L4 

V10

SOUTHERN CALIFORNIA EARTHQUAKE OF JULY 13

Los Angeles Chamber of Commerce 
basement aecolerograph."

Los Angeles Chamber of Commerce 
penthouse accelerograph. 5

S. 40°W.-N. 40° E._-. 
S. 50°E.-N. 50° W.._.

S. 40° W.-N. 40° E... 
N. 50°W.-S. 50° E....

0.099 
0.098 
0.100 
0. 099 
0.101 
0.100

104 
114 
105 
117 
109 
109

2.58 
2.77 
2.66 
2.91 
2.82 
2.76

8.8 
9.5 
8.4 
9.3 
7.0 
8.3

T26 
L9 

V28 
L3 

T18 
V25

IMPERIAL VALLEY EARTHQUAKE OF SEPT. 8

N.-S.. ................
K.-W-.. ..............

0.098 111 
0. 101 106 
0. 101 104

2.70 
2.74 
2.69

7 
10 
8

L68
T69 
V67

HELENA, MONT., EARTHQUAKES OF OCTOBER AND NOVEMBER

N.-S..................
E.-W. .......... ......

0.098 
0. 101 
0.098

108 
107 
106

2.62 
2.75 
2.57

13 « 
10 « 
10 «

L35 
T31 
V14

SOUTHERN CALIFORNIA EARTHQUAKE OF OCT. 24

Los Angeles subway terminal, ' base 
ment accelerograph. 4  

Los Angeles subway terminal, base 
ment displacement-meter.' 

Los Angeles subway terminal, 13th 
lloor aecolerograph.' '

SK.-NW...... ........ 
S\V. NK   ...........

N.-R   _-.-,..- .__..
K. W... ..............
SK.-NAV... ...........
NK.-SW... .___..--_._

0.100 
0.101 
0.100 
9.81 
9.97 
0.101 
0.101 
0.101

80.0 
82.0 
74.0 

1.14 
1.14 

80.7 
84.3 
82.1

2.03 
2.12
1.87

2.08 
2.18 
2.12

9 
9 
8 

19 
16 
10 

7 
9

L91
TJ01 
Vlll 
1U5 
L15 

T102 
L92 

V112

IMPERIAL VALLEY EARTHQUAKE OF DEC. 19

N.-S. .................
K.-\V.-..-..... ......

0. 098 
0.100 
0.101

111 
106 
104

2.70 
2. (18 
2.69

S 
9
S

L68 
TO!) 
V(17

1 Tlio direction on the left (S. in the first case) indicates the direction of pendulum displacement relative 
to instrument pier which will displace the trace upward on the original seismogram.

'' The sensitivity is the number of c-entimelers on the seismogram that corresponds to 100 cm/see.' of 
acceleration. The deflection corresponding to Mo gravity may be obtained bv multiplying the sensitivity 
tabulated by 0.98. (See p. 60.)

3 The accelorographs at Eureka, Ferndalc, and llrlcna were not equipped with tape recorders.
4 Approximate value.
' Instruments at this station wired to start simultaneously.
' Acccleromctcrs equipped with new attachments which provide auxiliary light spots of low sensitivity. 

This earthquake was too weak to require the use of the insensitive spots, and the sensitivities tabulated arc 
values for tho normal or sensitive spots. These sensitivities are less than on accelerometcrs not equipped 
with the new mirrors on account of the increased moment of inertia.
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DESCRIPTIONS OF STRONG-MOTION SEISMOGRAPH STATIONS

NOTE. A description of the Los Angeles Subway Terminal Building will be found in Serial No. 579, 
"United States Earthquakes, 1933." Descriptions of the following stations are in Serial No. 593, "United 
States Earthquakes, 1934": El Centre, Southern Sierra Power Co. Terminal Station; Eureka, Federal 
Building; Ferndale, Town Hall; and Los Angeles, Chamber of Commerce Building.

HELENA, MONT. 

FEDERAL BUILDING 

Accelerograph in basement

As soon as the Helena earthquake of October 18 made it apparent 
that further strong shocks might be expected at Helena, a party was 
sent from California with one of the accelerographs that had been in 
operation there. The instrument was installed on October 21 in the 
basement of the Federal Building in time to record many aftershocks, 
including the strong earthquake of October.31. (Since then a number 
of accelerographs have been installed in western Montana and Nevada.)

The Federal Building at Helena is a four-story building, about 60 
feet high. The basement columns are of reinforced concrete and the 
frame from the first floor to the top is steel. There is a granite base 
all around, as well as sandstone facing up to the second floor. The 
brick-filler walls have sandstone facing on the old building and terra 
cotta on the new. The seismograph pier rests directly on the concrete 
floor, and at the location of the seismograph pier the floor rests directly 
on the limestone bedrock.

Prior to November 15 the instrument was at another location in the 
basement of the same building.

Helena is located on the north edge of the Boulder Batholith, an 
igneous intrusion about 75 miles in diameter. The city is built partly 
on the low foothills and partly on the alluvium on the south side of 
Prickly Pear Valley. The geology of the district is very complex. 
Sedimentary rocks in the Helena area range in age from Beltian to 
recent. The range in lithology is as marked as in age: Limestone, 
quartzite, sandstone, shale gravel, and "lake beds" are common. The 
Helena area is believed to be quite complexly faulted, and is known 
to be so northwest of Helena.

The geology of the Helena region is discussed in more detail in the 
special article on the Helena earthquakes of 1935.

Table 6. List of strong-motion seismograph stations, 1935

Station and foundation

NORTHERN CALIFORNIA

Oakland: 
City Hall: Alluvium:

Basement. ___________________

San Francisco: 
Alexander Building: Alluvium: 

Sixteenth floor.... ______________ .
Eleventh floor. _________ . ___ . ___ .
Basement. _ . _________ ~ _ . .......

Instrument

ment meter.

.....do......................

. .do.. ....................

. __ do _____ ...... _ ....

   . do,.....  ....... ......
.... .do.... ..................
.....do.......... ............

Date of installation

May 1933.

Do.

June 1933.
Do.
Do.
Do.

October 1935.
November 1934.

See footnotes at end of table.
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Table 6. List of strong-motion seismograph stations, 1935 Continued

Station and foundation

NORTHERN CALIFORNIA   Continued

San Francisco   Continued. 
450 Sutler: Rock: 

Twenty-eighth floor., _ .. __ .. ___ .. .....

Shell Building: Rock:

Southern Pacific Building. Alluvium and made 
ground:

San Jose: 
Bank of America Building: Alluvium:

SOUTHERN CALIFORNIA

vium. 
Colton: Southern California Edison substation: Al 

luvium.

Alluvium. 
Hollywood: 

Storage Co. Alluvium:

Adjoining Pacific Electric lot *.. __ . ____
Long Beach: Public Utilities Building: Alluvium ......
Los Angeles: 

Chamber of Commerce. Alluvium:

Edison Building. Hardpan or clay: Basement ....
Subway Terminal. Hardpan or clay: 

Thirteenth floor __ . _ ......... ____ . ....

Central manufacturing district warehouse at
Vernon: Alluvium. 

Pasadena: 
California Institute of Technology: Alluvium. ....

Do..   .......................................

San Diego: Consolidated Gas and Electric Co.: Allu
vium.

Alluvium.
MISCELLANEOUS

Helena, Montana: Federal Building: Rock..... __ ..
Mirafiores,3 Canal Zone, concrete locks: Tuff and al

luvium.

Instrument

Weed seismograph. .........

.....do...........  ........

ment meter. 
.....do.....  ..............

.. do........ ........ ......

. .do.-...  ..........  .

Accelerograph and displace 
ment meter.

  -do.. ............ ........
  . -do. ......... ............
  do.         
   do......    ... ........

.. do....  ..............

seismograph.

..-..do....  ....... .......

ment meter.

ment meter.

Accelerograph _      ...

  do............  ......

-- do..... .................
-...do..... .................

Date of installation

October 1933.

August 1933.1

October 1933.
May 1934.
October 1933.

October 1934.
December 1932.

April 1933.
June 1933.1

September 1932.
Do.

January 1933. 

July 1932.

June 1933.
Do.

December 1934.
July 1932.

Do.

July 1932.

May 1933.

Do.
July 1932.

June 1933.
Do.
Do.

October 1935.'
April 1933.'

> The accelerograph at Golden Gate Park in San Francisco was removed in October and taken to Helena, 
Mont. The Weed strong-motion seismograph at Sanger was removed in September, and in December ic 
was installed at Golden Gate Park to replace the instrument sent to Montana.

1 The instrument on the Pacific Electric Co. lot in Hollywood is in a separate small building several hun 
dred feet from the Hollywood Storage Co. building, and should provide data which will be free from vibra 
tions set up by the building itself. It is connected with the two accelerographs in the Hollywood Storage 
Co., making a set of three instruments in one locality operating under different conditions. They are con 
nected electrically for simultaneous starting and time marking.

» Prior to April 1935 the Canal Zone accelerograph was located at Balboa Heights in the Administration 
Building, resting on rock. This installation was made in March 1934.
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TILT OBSERVATIONS

The tilt observations described in Serial No. 593, "United States 
Earthquakes, 1934" and Special Publication No. 201, "Earthquake 
Investigations in California, 1934-1935" were continued during 1935. 
Figure 34 summarizes the observational data in graphical form as 
heretofore.

There were no outstanding correlations between changes in tilt and 
local earthquakes during the year.

ADDITIONS AND CORRECTIONS TO PREVIOUS PUBLICATIONS

1933. November 16. See "Grover, Mo., Earthquake November 
16, 1933", by J. B. Macelwane, S. J., in Earthquake Notes, vol. 5, 
no. 3, page 3.

1934. July 30. 1:20. Rapid City, S. Dak. Chadron, Nebr., earth 
quake felt here with intensity IV.

1934. November 15: Anchorage, Alaska, V.
1934. Serial No. 593,"United States Earthquakes, 1934." Add small 

dot to epicenter map, fig. 1, to indicate shock at Gloucester, Mass.
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